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i (~\1. ( ASE S I C I )  I ES FOR O C C A N  I C  Th ERM A L ‘N U M A L I  ES w 1 111 A DY ~ AN I C MO DEL

A b s t r a c t

i i ’ i i l I I IV( lit I L i t  OilS t i ’i iih ii t fy  t h e  C i i V ~; 1 r , u l  1~ ro - , nii i- i- . pen—

1. ’ f o r  t i l L  ~; ~i r. it  i ofl , ~ v 1 u t  j ii , id ti i I ~~~ i ‘n (I f ii in I c t I m i ii  I

:iIie~lla1 L’s (oil) 5 I~ i r i  1 1  u t  I~~ inL I li nu~~~~~r i.-a i d \ n a r n i c  :~odo 1 of

t h e  N o r t h  P ; o i f i c  l i - ., i ‘ i t  (~~u~~’A \ ) .  i i ,  ‘.D~~u \ \  :ueth I i s  1 . t s ~ d Ofl

t i l e  I e rr  i t  i ri s of  I in  f i n  i t  - i  i f . r n o  fo r ~~s of I he p r  La i t  I ye

t i ns  . 1 t ni ; . i n  dma iii t liii I ‘~~ ‘ 1  . 1  t Oll I r O l l I loll arid 1 0 \‘~ 
i- I i i- t i  1

1 . , v . m s , s i t u  i ‘ ; u t~~ f l t  ; i :~ i ui i t ~i 1 p1 Ii of  ~~m. u h i&  ~~~r i / i ’ u l t I Lr id

p i n ’ ., I t  ii l i i  i t  ; I  I i i i  ~i~ l 1 I i t uu ~ I i l l  j — ~ O [‘h e t i n  j i l l I ~ y

v i r v i n ’  i~~’ 1 l  1 i : ’ i t i l o g v  i s  L 1  i’; i t e d  D y i n t i ’~~r .i t hag t i i i ’  m od e l  ev er  80

> r s  i f  5 i t m l . i l l i i ; t  t i M 1 r t I  1 I o h t i i ’,I i . i l  i t  i n  l i i  i t ’ i n  i ii; ‘ j t h

t i  List Dl yea r s  \ I l~~~ i mlg ~~l i l i  ~i u ,  ; i : i .t~m i. i 1 i v l c ’. T r y ,  i t i l i  f . i t m i r t s

~‘ f t h e  i l l  ,, un . 1  I n t o l nv . t’D i r i  f i v r . b l v  ~s i t 1ì e 1 : .  m v d  l i r e —

l i t  ~ot i Wi l iii I i  ‘ i t  U L i ’ Ii i t i m  L i t ’  I C )
~ fl.

ii ’ I 1 1 ii sod f i r  ii ’ i i i  i t Ii ~~~~;. I I ‘ i n i  I n I  rid I i  5 . ‘ ti i)  t. i mu—

1;it od ~‘.is~ s m m ’  ri nenNd:  one ~ ‘ ‘ i t  n i t  s t u t ’ r i l - r i t  ion timi d i v o l m i t  ion

of OI ’A ’ s Ut iu ! 1 l i i i i i i i i l i i i n ~~t r1~~ I i i  i t ’ ‘,~ i ; u 1  f r  fig of ~ i u t . r  19-19 — 10 , md

t h e  o t h e r  p o r t r a y s  t h e  ( V o l  m i t  I ’ll m i l d  di;; ; I p n t  1011 ot  t h e  OTA ’ s u n der

i’l i n i t o l j ’ r i : m l  i t m sp l ier  i c t’t ’n d  i t  In n s  i n  w h a t  or 1 9 7 1 — 7 2 .  The r o s t i l  t in g

,o l , i s L~~ l;it t i l l S  i r e  r ; t ’ u r l ~~it h  1 u v i t  ioni l  I i t i  t o  \\ l i n e  to

wh at  i~~~~~t ,  n t  Ii ; ’  of t i n  i l i l i n j e  I h  l l ; t .  i i  st  r u i c  t i r e  i s  i j ~~ u i u u t ~~~l f o r  DV

1

~~ U A
_ _ _ _ _  _ __ - —

-
~~~~~~~~~~~~~~ - T~ _~ , ~~ - — ~~_ : ~~~ ‘- ——_

~~~~~~~~~~~~~~~ ~~~. ~~~
-
~~

--— —
~ ——~~~



t i m t ~ ; n ~’i ;. m l u l l S  Is lId f~ u m 1 iA i i  l~~ w m u m -h  b y t h i ’  h i l t ’  r u t I  1 iii n ;; t n  i t  s i n

t in’ ocl an . l i t ’ i udc ’ I i l l ( I  l i t  i -s  t h a t  t)T/t ’ s ar e  gci i t ’r t i t . -d by a u u n i l t u s

;it~ u ’ ; pI u i  ii’ w ind s .mnd t h u  I hui- niuual ;mdve ct  ion , b o t h  h ior i zon t , il and v i - r t i —

i d  1 , p l i v s  t lii t o - u t i ‘ u~ ’~ - i t  t in t  m l  e iii th e  ‘ i i l l - a I ion . f u r  i ng w i  nt  or

ni l _ u s  I : !  P l u m ,  1 uipi - 1 1 liii; h i s  tor i ’ i i i f l m m i ni ’i’ oIl i j i d  u i u n i ; u l y fri

i p lt’ .in i lil t t ip i e I O~~ i lls t ii ri t i n  ~- ; i 1  o i l ; ;  i s ; w -1 1 rig h i s  t in ti

H i  I in ~i;u;  - i i i  y in t i ~~ . • I i t  ii n - p  1 on.  l i i  I htiv i r of t i n  l i m i t  I i i  i u 5 ’ :” r i

n m l d o r  ~ l P i i i  iig i - i h  i i  1 i t  l i ,1~~ is  i’ h i ’~~~l v r . - ’ it id  t o  larpt’  - M i i i  0 f~~~ t l u re s ,

- t u Tu t IS t h i - i i i  i 1 1 l i i i  [ u t  t i n  i i  t L -  IL i i i  
~~~~

. h i nt ~~ t Iii ’ il~~ In , 1 1 1 1 1

1 5 i i  0 51 i j  i t  t o  u u i  ii I t I it  i 1 ~; d i m e  o t l ; .  j i l  ML l i l t ’ i t  U I  S ’ s . - u t  d i  s—

i - , ;uri i~~s fin 1 C I - m I Ti e 1 in I it  1 i i i  i l.  i Vi  d u i a ’s t i  In’ i t  —

u i - I  t i  I Di m t k  of n - i  l i b t i  a m i d  i i i  i n - t - t ’r i 1 1 u s ~~i i - i  i i i  ~ :C

L t . m .  l i t - n  ui I -  n~l i t  A ll i l i  t h i n  1 . - i - -  m~~. i i 1 u 1 h * ’, f i n  h r

t I  : 1  I t  - u u t  . 1 1  ; i ~ 1 u u I t ’  s t 1 : 1 ii m I i i  ‘n • P ’  - i t  ii 1 1 1 I t o

- ‘ • I . t  u !  i t  , u mn h i ; u ~ D i n t  d i n t p ’ i m t  l u - u  I i i  l i i  u or h e r s  of (‘ i t  . f l

- u i  li l i t ’ I • i I - i  I i n ‘~~~~~
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1. T a t L’o d L m c t  i o n

The purpose  of t h i s  i u i v - s t i g a t i o n  i s  to i d e n t i f y the  d om i n a n t  physi-

c a l  p rocesses  in  t h i ”  n c - i n  ~ ;i I i tos~u hit ’r i C s y s tem  rc ;;u1uulns ib le for  t h e  gen e r a —

t io ta  and j ’VO l m i t  i o n  of l ) C t , l f l  it ’  I l i er m a l  ano nma l  I i-s ( O’I’A s) and  0 - X ml mae

t ime t i u i - r u - u n ! y ; u u ; ; i c  b i l •u u c e  i n  t h e  i n t e r i o r  of t h u  ocoaIa  d m m r i m a g  an d  a f t e r

t h e  ( i - - , u n i c  Vu  ii . u M u ~ , Ii I t S  i i’ : - :  Imi l’ . A un t i - a l  d yn umic  oc u u a i c

. . u u ) 1 ( ’ i of t h e  N i u n t l a  Ci ut ’  i f  it ’  ‘ :. pi r i - ’  m t  ( D U S P . \ X )  i s  n - t i - ui to c a r r y  o u t  Iwo

t t m n i ’ s t u d i e s .  ‘l ’lmc n i l  j o r  oh ~~ - i - I  i v o  of \UKI’ IX i -s t o m m n d i - m n t a n d  t h e  long—

t e r m  (m ;~o m ; t h i , s t o  v i t i r s )  and  1.inp~ -s t ile ( m i n t ’ thi ; i ia 100 km) f lu c t u a t i o n s

of ~t i u y s  li’aI v a r  I : ib l  i ’ s  i ma t h e  N n t Ta P i -  i f  i c Oc e an  I ii rd a t  ion to  t i m e

- - v - n v  l i m t ;  a t  ilO j !u’ rO . lie i p i u . l s i s  11. 15 h i-f l  on ~ iiV i - i -ut i A i t  nag t h e  h u t - i t

i 1~~t ’t of t lu  D i r  01 mn a id l i i i  t h e  j i l t  - r i -  t l i i i  of t i l l - Ill D u D me s i  t h

t I e  t~~ j ‘r s- - u n  . 1 u ; .  -n  i i - ;l l d 
~ 

n t  i ; u l~ “s ic 1 of I l u N u r t ii P - ic i f i t ’  Les in

~u 1 ~~ L - ~-n ‘ I ’  ~~- l u p - ui l - y  H is; ( 1978)  m m ; ;  p a r t  of  • u p r o g r a m  t I  i l u f t ; - ’ t h e

a ~C IL X goal • i t t -  is’ - - r i  i l l  ui ‘i Tin s H u - - ‘ i ~ I i i i  i 111 pun t I (in if t he N in t h

I - l i  i f  I c  ~~t u - i n  i n  o r d er  t o  ta u - n t  f o r  t i n  l ; l r D - — - ; -tl l l ’  s- l i n t -s  d u m p  t o  t i m e

p r  - - lie i f  t t l l  P.1 Ic 1 u t  1-~ m P-i-t . D l i i i t i m e  lii i en - r ~~v m -oia t i -n t  i n  t i me

i - 1u. - r i i )  ns of  t lit’ 0 ! -  uma I S  in i -y  ; i i h ; m f f l - t i ’ d  Dv t h e  1~ ’w i - r  1 u v t - r s ,

h a i l  v in  I- he t l u - i ’ n i l e  of ; . i o m i t h ; ;  t o  v - . ir s , t l i e  oi ’ i ’a n ian ,l - l  a 1 SO

i u l e l l m I t -5 t I n ’  ‘r u t  u - i ; i u f  s l o w  m ix i n g  nd t m m r m a i n g  l u v t - r  ‘f t h e  d~ ~ H

‘.~~i t  o r .  rH -
. - - T e l  o i l - fl h-i s 10 v i r i a h l  e t h i c i-nat~ss l ay e r s  w i t h  a :~~~~~ :.t i : - i n n

( i f l s t . u t l t  • l - p t h  of - ‘~U m l 0  in. l l o r i , ’on t a i g r i d  s e p .ir a t  ions , b o t h  1e t ip i t m m d l n ~~1

a n d  1.it i t u d l ;  ii , t i r e  ot  2 .  ° . l ime  i u id t ’ l  i n - i a n  h m . u ~ he i - r i  iu i m i i l - i t e d  f i r

3
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more t im a n  80 y e a r s  m i m a d e r  c i  im -m t ol og~ cal for c  im ig ; t h e  1 ;m st  20 y ea r s  h ave

been the st -asonal  c y c l e .  T h e  s i m u l a t e d  seasona l l y v a r y i n g  m o t i o n s  and

s t r u c t u r e s  in  the  N o r t h  P a c i f i c  0cc-an model  -i re  desc r ibed  and c er t a i n

c~— ; ti ~sm r i s o n s  w i t h  o b s e r va t i o n a l  da t a , e s p e c i a l l y in t h e  m i d — l a t  i t  im d c

r i - p t on , a re  r ep o r te d  b y I h m a  ng ( i~ 969) . The pr  ; t ; -i l  1 lu a p e r  COnC -n I r a t  e s  on

two  r n -ui ’  t I  rid I t S  of t h e  l o w  f r - q u u  u l c y  t r a m i s i t - m i t b o l m a v  [or of o c t - an i c

a nii ’ : u i l I t s  in t u e  N i u n t h  P a c t  f t c  On - in , w i t h  emp ha s i s  on t h e  ocean i c
4

t h er m a l  at  r u c t u r o , I l l  r e u u 1 ’ o u i - t e  t o  pr --s r i bi d  a t  . up i m i - r i c  forc ing . l’lae

OTA i s  t h e  l i -v i t  i on  of t i m i -  l i p  r a t u r e  f u n  t u e  l u n g — t e r m  raeama v a l u e  a t

- - t h e  S ;mfllC l o n u i t ion iia d t Dii ’ of ~ - - t i n .  T h i s  l o n g — I  erm mean  v a l u e  is re fer -

red to as th ac n o r n a l  s t a t e , i . e . ,  t i m e  ci  i t - , m t j u l o c ’,v . WI ’ have  a d d resse d

t he lo l  h i’s’ l u m p  m~ m m ’st i n n s  i i i  t h i s  st t m d y

a) (Di n V I A ’ s be g en e r a t e d  by n j - r n - a l  a t r t o s j It ~ - n i c  f t - m - c i ng whieia  t h e

u - e ; i ma i i ;  a l  in ;m d y  i n  e q u i l l  i b r i u m n  w i t h  t h e  a t ; i u u i s j u l m e r c ?  Tb-a t is ,

w i l l  c - n t  a m  1’l t u n - t  t I n y  s-av e  p Il - n & - u i u i - n a  -x i ’ i t ed  by t h e  sea sona l

fo r c  i n g  - m i n e  I n s t  ;m b i l  i t  II ’ S a nd  pt - n - i - a t  c U F A ’ s?

h)  (‘ u u l V - \ ‘ i _ u i ’e pi - - n i t  c’d i i i  t i n  u - u - t i  1 s t ;  t e  ‘ a n  u m a d e r  aia

~1nom m ma l ‘ m I S  a t  uull s [ ml u t - ’r a c  f o r c i n g  l u l l ‘n i i ; i t  i m n ’  t h e  i n f l  n I - l a ~ i al

d y t s u u ~ic  n - hu . In  l i - - i n s  d u r i n g  and a f t e r  t h e i r  p - u i e r t m t  i ons?

c) W i l l  an  i - . P u t  i n g  ) Y A  i n  t i m e  o c ea n  p r o~u u g a t e , evolve , and

d i s s i p a t e  I I I  a c e r t a in  l i f e  span s i m i l a r  to t h o s e  o b i v e - r v e d  in

t i m e  h i s t  o r y  of t h e  ocean u n d e r  no rma l a t m n o s p i m e r i c  fo rc in g ?

d)  Ca n t h e  - t i l e l  s i m u l a t e  t h e  t ’h i s , - r v e d  -~‘o 1 m i t  i on  of ta n an

g i v t - n t i m e  i u i u ; - i - r v -d m i t  l a l  ane -i ;i l y and  t he ’ c t u r r I - - ; p u s l  in g

, l ui u i n I l  Ur iS  i t O h  sp i u - r  ic f o re  t r i g ?

- .--
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Onl y when  t i ut ’ m m u ; m s t ’r t o ( d )  i s  y i n , w i l l  i h ’i  t q t i d  j i ’S l i - i d  to  h o t t e r

p r i - i l i c t  b ias f o r  i i - t - a n m t ~ t an m l  I i ’S. i h , n c i - v t - r , own -mg t o  d i f f i c u l t i e s

i nv o l v ed i i i  p m  - p a r i n g  t h e  n i - i l u i r i -d i t u u i n j u h m i - r i c  i l i t a  t i m e  [ ‘ m i ’ s i - n t  ml m i dy

fo i ’ m m ; u i - s  on i n - w i l i n g  o m i l y  t i m e  I u s-u t t 1 m m - i - i - j i m  . t  D i m s .

2 .  h~~~~m l  y i ii- ul ~ u n  i c s

-\ ui - t t m  i i i  1 - I -  nt r ~- I  ion  ~m I t - - a I ’  i - i II s - l i  - 1  , i t s i t o  u u u d ry

‘ - s t i l t  i t u i l s , . n t d  f o r t  i m a g  f m m m i e t  i - u s  h a ; ;  ~~
- - i i i  p k - i -n h a  h h u m a n g  ( 19 8) . The

i do I i s  1— - -ml  isa t hi t ’  i t ; . p 1 i t t~ I ~~~~li 1 - I n  - m I In i t  I V~’ i u j .1 l~~ llS. Dt t h

I t  i~ u~ - r m t u r ~ - t~ u o h  sa l  i n i t v  t i l t ’ h u r l i c t ~~d f u ’ :ua , - - : u - , - n ~~ I t  i on  i q i m i t  lens a nd

di  . l s i t y  i s  u 1 u [ - m o x  i t — t ed  as a 1 i m i i ~~m m  f m m n c t  i - -m a  of t i -nh ’ m m t i m re a m i d  ; ; m l  i n i t y .

D I m i h e  t i e  g r i d  5 1 S t ’ i s  i l l  in mm i i t i g h  t o  n i - - l i n e  t l m e  l . t m g e  —5 ,  t i l e  e l A ’ s , i t

i t ;  t i )  1 r - , e t o  r u m - - l i - t u t u  - - ; , - - i l e  - P h i - s .  P u -  N ’ mao i ’xp l i - i t  mn h > t -  d—

1 ~ y t - r  j i m i u ; i c s  i u i i - o r j - o m  a t  oi l i i )  t he t i l l , i s_ _
i u 1 t i m  v t r t  i j ; i i  c o n v i c t  l v i ’

~m d j  us t . 1 m i t  - i - i l .  u i  I sun t h a t  i s  l u l l  i i  t i n  t o  - - ‘  - u i  i hi l ls  i t  in ‘— t  u i - i i i  I t y  i n  I

Or a n .

fo r  - - 1 - 5  ‘ - 1  1 1 1 v - t r y  I tag - l u -  fli n t nm in  t l m t  on - - - a , ; ‘r e -  - i i- u t - d~’ f i i i  i t  I i  ia

o f  l u l l  - .
-

. m  1 y i s  i pu I r u - i l  . i i - t us i i i  I i i ’ I i t  u i o n u a  1 y ot  a I i t  ~- 1 u -

p h n - i i m l  p t i r ; i m i ’t e r , q* (x,y , z ,t) u s  t i u t  ui v m u m t o n  r i _ u - -i i t s  l i - n p - I t - i -rn

- - ‘ ma

q* (x ,v ,z ,t) = (
~ 

(x ,y , z , t )  - q (x , v , -,, t)  ( 1 )

5
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S i m i - m i -  q (x , v ,~~‘ , t )  d n ot  i S  I i u i ’ l u n g  I t - i O  - ‘ l U  if  q i t  t h e  sane p - i u p m - t u p h—

I - i l  l i t - i L  t i l l  - , u i d  t I l i t ’ i i i  V i i  r . t u i t m ~
- fi re , . m m a V I A  l u — a g i v e i l  l u ll t h and

n- i - a r  Is  th e  u P - v  i - u t  i i m l i f  t h m i I  t m - n t  Ii ’ u-i t : -  - i m i tn 4 ’ , m l a t i - u : p u i - r t i t  ore f m — e m  t h e

1 t i m a g  I ‘ in i lu - . i l l  I - m t l u - i t  - - u i t  Ii m y  I . t t , ul C iS ’ r i t t .  i m l y  i-s t m r

l i t - i i i  - l i t  h u m  i - j u l  I on  f i i - l i i - V i . -’m , t i l t - n  ; - - l u t e - i t t t ug  t im e l c m m a g —

I t ’ m a , ; .  - ‘ I i  p1, ii l e t  i t  i i  i d~~ t l t u m l  of  t , t i n  be C - I  i t t  t i m  as

- [\ . ‘i + \ * . ~~~~1’ 4 ~~
.‘. . ~~ f ~~ 4 ~~~‘u 

~
- w’ ~

( a )  (b )  (c )  (d )  (i ’ )  (1) (g )
(2 )

1* t i . ( I - ’t )
+ [*  4-

( la )  (e )  ( j )

- I - r e  i s  l i t ’ i u i i r i  - - m I m i  g i  I I .  i l l  i -  r a t u r ;  , t i -  i i i  h - - n i - m I  I

a I o r ;  \‘ , t t n i i i  I ; - u m I m l  -~ - h - . l i v  .~ ;id w , t i m e  Vi  I t I~~ - i l  v - i  i i  I t i n . l i e

i i l t t  I- - u  i - I t  i t - I l  I t  -~~~ t _ ? ) I ; l i i i  t l u i  i n  . ~~j I I  l i - ; i  n - i - i t t - i l  l t v

d y - i t  I - t i  u t  L i t ’ - i i  \ i i -  t i m ’ - m i u i i i : i l  c m i i  r i mi l I t t i u l  (b )  u m u d  (e)  ~ ; I v  u~h v ’ c —

i - i l  - - I I h i t ’ t u - - r ’ n d  : u u i - i t  t i l l  - ii I - I i ‘ it .  - ui I ‘ in  I h ’  i i i ’ j  l i i i ;  I m m m  u ‘ u t

[ I I 1 ( c )  . m  u i  ( I  ) , - u I  1- 
~ 

t hi - - u - l  i n -  t 1 . 1 1  of t u i ’ m u ’  A 1-v t i m ’ - m i t - - u - - a l ’ u ms

c m m n m i - m m t  [ I - r n  ( d)  n u m d  (
~ ) 1 .  I t  i s  i i  - i  ~u 1 -  I . i t u u l  l i v  i , i n - - u u l ~ u - c t  ly e

1
- l i - i s - u t ’S [ t i - n m  (h i )  a m i d  ( i ) J  , ;~i i i -h i  as h u r l  ‘ u - . u t a l  su i t  v e r t i c a l  d i f f u s i o n

u t  T* , e m i t ;  1 1 i - n n  - ; m r f i i i ’ ii i - i t  t l m i x i -s  d m m i  i t  h i t o  t* u m i ad t o  u t - i , ’ - u a l o m m s

L~~ ~:-: - 
- - - 

~~~
-
~~~~~~~ -—
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m t t u , n 1 ’ h u u ’ n i i _ ’ i e n i l l t  l o u i s .  l i t ’ ’ l~~ .-j I i  un [ t i  j u n  ( j f l  , i s  t l ~~- ( i l ,’  i i

;m d j u s t u u ’ u i t  of ; m i u  i ’ u ; a l i - m m t ;  t u - m u .p~ m a t u r e  (Ij it ’ t o  i i m s t m i t m l i t v  ma t i m e  v - i t  i - a l

di - mt n i Ly  i- m t r a t  i f  I c - i t  i o n .

It  i s  ~:l i - m i  I i  ‘iii t t q . (2) 1 h a t  i f  t 1 m i  I i- , t S t O  l i ~ A i t  I l i t ’  l i i i  I I al

s t i l e ’ a d  m a o a n i n t u i l o t m u l i n t - i o u ; m l  I u i - t i m  - I i l l  t n  , lao  O L \  i s i l l  be

~~ l u l l - t i - m t  ~i l i t  en t O t t ’ . in  o t i m e r  w o r d s , ; u o  - u . -Y ;u i l l  I i  . t i t t  ml

us~h -r  I L - i , :  m l  , i t r - --  ~- l i - r i ’  f , -n  i n g  f n i m n  a m i o r . t . u l  . 0, 1 1 i - u -  - t i  -~ l -r e  m i t  ~~- i - c— —

t t - d  i u u - u t . i h l l  i t y  ~~~~ l y it ~~t t u n s . P -
~- u u - - r , i u l A ’ u~ sea l~ r u l  -d e i t u u i r

lu ) ;mmti u : t u u i , u u u ; u  1 -  i t  h a t ;  I t  l u u ,iI [ - i t i  ( i )  I u u r  l v  t l t : u : i l u u u s  \ 5 l : u u l S  I l u l t

j - n i ’, l e m c e  a n t i ;  , l ~~u i s  a i m  u ‘ . u I I ’ ’  ‘ i i ,  i t  l i i i  - i n  t u - - p i  u . u t u m r c  u i - i d  [ t h u  - - o h

t i - i  ‘5 ( )  n i l  ( 1 ) 1  . T n i l u u’ ’ ;~~1 i - m  o t ( . m n  , t l u -  1 - -1 , i u t  w i  id - — i u u ltmi - i’d

I’
i - u m r r e m a t i s  1 1 ; b m u s — i - i ’ :,i - 1 I m i c  e u n i - n t  i s  t i m ’  r i~ - . u u i t t i f  a h t u r i - - -n t ; l l

ut of  h i -i u u u t y  ‘ t - u i ,’- ’ r  - - m l  f l i t ’ - i v u m t  i - - n .  F. , , - s u o e  ~u I  t I l e  h u r l n o i u t i t i c

- ~~ t ~~- n - :  -- d in  u i c -  ~I’ ’ 1 , 1 h i ’ p i  st  u - p h I c  i I n  N or , Vp , i - a t  1sf l i -S

lie t - u- i l l  s i  u - I i i  l u i t I - ‘n , I . e . , -

- - P~~~~~~~~~( r  u~~~~ ) ]  0)
- z  I

u - l u r e  k i s  t l , t ’ m m i i  V u - I t  l e n  v i c t o r ;  g ,  the g r m v i t ; m t  l u O l i l  I , ’ t u l i -i It lOIi

f , I - ‘  - Con I i ’  1 it ; m r m i s 1 - r - i i  ud - m mu ud y , t l u ~- I a r  1 i t-p 1 ; ’  l u  ‘m a i~ui t; I I i c i t n t

a m i d  t h e  hui l m e  t - t ’ m i t r - i t - t  i u ’ m m  t i - f  f i t ’ h Il t , r I - s p i t  h v e l y .  \Vg i s o b t ; m i n i -d by

in e r t  h i l l  m t  i ’p r a t  i o n .  The i m a t u - g r ; m t i - ~’m i c o n s ta n t  can he n b t — a i n e d  by

a : u i - u u u n u h n g  t h i t  t i m e  v . - m t  i u - u i l r mv - l - u c ; e- of ‘Vu; i s  L i  ro , w h i c h  is  i O I a S t u - i t i - l i t  ~~~ i t i

t iuc rni ’ul ’ l i - f  m i t  ion u h f  t l u i ’  h i t u n i c i m n i c  i - - l i - a r  c u m n u  m i t .  A g e o s t n u u -p h i i c  f l o w

in t I - m e  sur f i t ’  h a v e n s  of t l ie  ocean  I n u l u m i s  a v i - r  t i - rI 1 riot ion

~~ ~~~~zL: i.~~~~~~~~~~~~
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a t  the  l eve l  z .

Nt -ar  ti m e bet  torn  of t h e  Ekm uu:in l ay e r , t h e  y i n  t i c a l  \ ‘i - loc  i ty is il u ’St ly

due  to the  d i v i -n g t - m a c e  of  t h e  - ‘ i m i t t - i m a  t n m u i : ; ~ u o n t  , uP ; u ~ n d i n g  i i  n i t  l y on t h e

v e rt i c a l  c - . h - - u : m - t i t  of t h a t ’  t ’ m m r l  of  m u m m i - f a i - t -  w i n d  st r i - ; ;s i ’s , as

W
F

= i k  ~? x~~ . (5)

l ior  i z i u r i t n l  a m i d  v e n t  I i i ]  t i l v i - e t  Du n ,s - i i i  ‘ ui -i re  i - f f e c t i v i ’ l y g e n t - r a t e

S W l u c n e  t he  t h a t -  m~’ n u m i  g r t m d i c - m a t s  u m m e  s t r o ng .  ‘fl u - r i f o m - e , i ;;t u i u m - i n g  th ’m e

— v er t  i t ’al mu l x i o p m i m i c  t o  t~ i maci , ( ) F - \ ’ S e u t m a  inu re of t e n  in .- p u - l u - r u m  t i d  i m a  m ii i  d —

l a t i t u d e  r i -g l ens w I t - r i ’ t i n . ’  h i i u n i , ; i ’ t m t a l  l i t  i - n i l  gr a d i e - m a t i; - r n  s t i o l i p o st .

Th e t h i n  ‘- - - i t  if nt I’A b y th e  b u o n i , t u m a t ; u l d 1; - ; j ’ I u i  - t l i  i t  ~- f ni O u m i m h i ’  f r a m a t s

(Rod e-n , 1 9 1 ( u)  s tin i - s t  N lit ’ ‘ - s_ : ’.op l in of  t h u  i s  
~ r - t i ’ i - ;u s . Iii  ~~ ma t  or  t l i e r m n o —

m” 1 i ~aes ,ir e  d i p  in h i h 1 t m I I t u ~~h -s  t imid  n - I  a t  Ivel y s h a l l o w  in  l o w  1 ma t i  i n m i e s

;-:i m d —  i t u t l m u i - i - u l  U ~, e l  I l u m p s  t t n d  di ’is Si ’J  I Li ps t i r e  t l u i ’ u t - IoI - e t o m e  - f f - ~- t  l i n e  i n

t he  g e n e n t h - in  of V i A ’ s i n  t i m e  t n u - j u i i ’s or  - - u u l u t  n ’ 1 - i i c s  t i t a n  I n  m u u i d d l e  or

h i gh l i t  I t i l d t ; s  c t  i ’ly  i - i i - c u m i t u e  of t h e  f d~- 1 - -nd~-nce in R:”-, in  puuir ipi lag,

t t - - , - t h m - r  e 5 i t l a  t h t ’ u i ’ i a t  i v ’ l y - ; l i u i l l o w  t h e  n t ’ u u - i i l i i a e .

f l u t e  t i me O l A  i s  p i - m i u - r i t e d , a l l  o I l i e r  t h u i - n t u s  in Eq.  (2 )  come i t -ito

n i t t y and t h e  i ’vo i  i t  ion of t u e  OTA d e p e n d s  pr l u n a r  i l y upon t i m e  h a l a m i c e  

a, • m o  a i l v i - - t i v e  t i - n i n s  amid t h e  f r i c t i o n a l  t e r m s , I n c l u d i ng t i l e

- u t - l i c e  f i ne in g .  N u m m i r i s ( 190 5)  m ade some approx  l u n a t e  e s t i i n a t  h a u i s  of sea

m n f u u e - i ’  t i tn ~’ i - n a t u r e  (SST)  a n u u ; u i m l  105 f r o m  th e  ui t -;-t~~io u s  l ia r  i z o n t a l  a dV e C—

I i t i n  i f  t h e  m i - l f l  n o r m a l  t t - m ; p i ’ r u u t u r e  f i e l d  and a c l a i c  ve ’d a c e r ta i n  de g r e e

8
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of - u s i ’ i - v s  ms  t~~~ p u i m - ed w i t h  t i u i ’ i ’ i u - ~ i - r v ’i1 SS’1’ m n - t u t u f i n s .  A r t h u r  (1966)

and ~i~ u t ’ ob (1907) t-xti-m aded that’ ( I r A  c o m u u p m m t a  t i o n  by i m i b ’ l mm d h a g  t he  ad vec  t ion

of OTA by t i me m ao r rna l  amid t h e  a n o m a l o u s  c m u r n e m i t s  [ t e r m s  b an d  d in eq .

( 2 ) ] .  llo w’ t -v er , t m u mie  of  I I t t - se e— i r l y s t u d i e s  c o n s i d e r e d  vi -l - t i c - a l  a d ve c —

1 1 01) ( P u  i ’ .u nt— e of l u - k  of  s u b — i - m m m r f u i c e  t m u i t ’ t n : i i y  d a t u m )  O i l  fo li o used a

i ’ u t:t ~u l e t e  i i \ . i L ’ i c r i l  t u i O t I i ~~l .

3. T m a i t i ; m l  m ao m u ’ ~ i l  - - t a t e

In t u e  _ m m i o i : t u i  l y  s i 1 1 1 1 1  a t  in t l  1’ ‘,~~~~i - r I - - - t i t  5 , t i i i -  i n  i t  i a 1 ~~ - n i l  i t  i o n s

c o m i s i s t  of t u e  r i - d e l  ci  ini~’it  Oit u t ;V p IUS a 5 uc- r i f  i~ - l  : n i tn u l y .  The - d e l

c l  i t n t u t o l o g y  i s  t u e  u ; u t t t s ~~—i - i I t m i 1  i bn i m m r n  st a te  of t h e  n- u m l e l  a f t e r  r o y  : i i I s

of t Pie i m i t t - p r ; u t  i o n  m m n d e r  a is ~u i - m t e d  a m i m a u m ; a l c v , I e  of t ; t - u m : . u i t i i  f e ’r c i n g .

r im e aeon  :ui tm u , - : t u m l  m p i u u s i - - e qu i l  i h i r i u m u m  s t a t e , t u f t e r  more  t h a n  SO v i a r s  of

h a t  i -p r i m E  i -os , h i s  l u -n ~- u ’ o i - n t i ’d l u >  i i u m t m n g  (19(~9 ) .  T h e  last - t o d d  s i mu-

la ted  y i  , i r  I s  ( ‘ u - i n s  1- n i -t i  t o  h~ t i m e  iu~u u , i u ’ h  c u t  i t  u - i u t u ~~V . ‘i- s i- ej i o r t ed , t h e

- u ’ h t l i m a s  s a t  i , i t m i l i u n i  h v ( - i ’ r t n ; m \ i - u I  t h u  p r o n s  f u u t u n i -s u , u d seasn i al

V I  r 1~ i oil- ;  i n  I P - u i  t m P u i i - I f i c Oi~ - ama • l i lt I on l i t .  -d ru . s u t i  t s  c iii f h i m

• t i i ; m t  i , m ~ , ir  u u - u  n t - i l f i u c t u u i t l o m a s  - l o w  u ’~~ t l y i ma t h i n  m i p p e r 350 rn i n  t h e

i - i c - i r a .  I - l i t ’ u - , P l  - - p n  - ‘ l u u i  cd Si - u t u o m i a l  ~ Sh ’ p m c m l l y  m a t i .- i ~ - -s t h e  o h- ser v e d

s ea - -- l i i i t m . u u m l ; i - ~m s  t i u u ’ m s u u i n  f i g imm c 1 , m u p n u i - . l m m i u.’d fr - on  lh:t ~ mag (1979), and

t i e  u i ~~r i - - , u e - i u t  i S C S j ’ e i  i t i l l  y pe ed  in t he  m i d — i  a t  i t  u l de  Nt -n th P a c i f i c

O cean , t i - i c f o c u s  of t he  l r esc la t s t u d y .  Fi gure  2 shows bo th  t h e  s i rn—

ui~itcd [m Ild uI- :- m i d  u i u u u S u ’ i O l l ~‘a i- h;m tioi as of t i - i m p u - r u i t  mire  ma t  t i l l  t h r e e

ocean i-:, - u t i u t - r  stat ions , VI CrOR (34~ N , 164 ° E), PAPA (SO eN , 14YN)

amid N O V I - d i R F ~R (30 °N , l40° W ) ,  w1 im- r~ invaluable long time st-ni es of

— -—-,-- - - -—-- ~~~ _- .
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t-u lm j ui- r u m t o r e  do I n  i i i ’ - t i n t l  11 - h i  t ’  in  h u t ’  P~ r t  ii Pat - I fir Ocu - t a  ( ~;u 1 1 s , 19 ~u 3)

f i g u r e  2 t m f , -~o s l m e w s  t h e ’ st - ,un u jrmrt l ~‘ t~~~j IL 10116 of sea s m z r f i u i -e t i - t : p u i - r r i t u m e s

ob sm -rv ed a t  two I t o - u i  l i o n s  ( 45 ° N , 145 °W mi n d  21 ~~~~ 35° E) d e s c r i be d  by

Wy n t k i  ( 1963 ) , t i u p e t h u r t5’ i t i a  t i m e  i- ; I t u u u u i t i t e-d sea s u r f u i i - m t u  t - p i ’r m t u m r e  ta t

t h e  t - t i r l - i . :~~u i u i m m h u iag 1 u t i H l t S  i n  t i m e  u u u u h u ’i . In  gt ’ u a i - i - a l  , t h i e  sj ; ’ , u i l , u t o  1 Scar: n u n -—

-m al  c y c l e  of t i  r~ u - n . t t m m n i - f l u m e t u m . u h i o n  u ’ u i i p u m n ~ s u i t  i s f - m i - t o r i l y w i t h  u i - h  - , - r v a —

t l o ~m s .  ~~~~~~~ v - c , mis p o i n t  i d  u - m i t  ( h i : u , m n o , 1 9 s 9)  , t h a t ’  s i u n m m l a t e d  t h i n -  ui - l i l a c

i s  u I - i - p t - r h I m ; m l a  (b u t ’ o1~ t ~~~~~~ is - l i P - - l i  r u - s i l l I - u  I n  m i m i  u u t u i h i - m - s t  i - u  i t o  i f  t i m e

i n e r t ~cn l  um ~h t - c t ion  t i  m e - m t  f r m m t u m  t hu m u , -: :’ ; t lu -ui s i ’ l i F iu  m t  [ t he I tu rin in -9.

( 2 ) ] .

P i u i t i ’ no m i ! - \  c m  bet pt ou r u m t - u 1  i n -  in t h u t - m o n - i l  Stu N - m m  .~n w i t h
I’

i t u r t u o m l  m t i : : : u u 1 u h i t - n i c  f - - n c  l o p ,  ‘-so l u - y e eu - m u - u i t  r a t  u - il i - i l l t w o  ‘0 0 5 in time

m u m u : : a l y  i - : 1 en  h - ’ 1 ~- u l i s , m u i ~u ui ’~~v l b s  ~; ~u i ’ i ’ u0 l O u l  u u u a d  - \ t i l m m t  I u u ~ i if 1 u f , \ ’5 m u n d i -r

m mii u n i u l  t i n S  u i t t ’ i i u t t p b u -r  Ic t o l O  h i p  ( c ; m - l t ’ 1)  , u ’ id  t h e  i - l i m i t  ion tuu d i i  hut s f~ - ;ut ion

u u f  e X i S t  i m p ;  t h ’ .\ ’ s m , u m i -r  m u - i t - : m h  i l l : . ’ -  ‘hu r I i  f o m e i . i t ;  ( i ’ , iOe  2 ) .

4 .  C m — c -  1 :  C - n i - r a t  j u l  ui ~~u l e y , - l m m t  l u uu cf V I A ’ s

• }u ,~~ L , . i ~ u u , u t , d  ,\ t ’ p - h u ’a l  c - m u t e  s t u dy  for t h e  i m i t  i o n  .- u ~~ui i - \ ’ O i C m t  i o n

i f  V L\ ’ s u u i u i c r  t h m e  m t  u u : p . h u i . n i e t  u n t u u - . m l i u u s  I i u r i i n p  \ i , 1 S  selt - t - t ed for l i m i t e r

19 -~9—50. N,, t u irm ~ ( 1 9 5 1 )  u u i l  m u  u ’ i - u i t  i v ) j 1 ’t.  n - i a  ( P - 1 1 ( )  ~ t tj m , j i t ’d t h a  at : -uesp t mc —

n c  m - u r c u l 1 u t i o n  r i - l i t e d  t o  t h e  Cr i ’ ui t Pui i - i f l c  - u i t  i i .’Vc l u u i t c  of  w - i n t u - m - 19 5 9 —

50 to inves t  i p u i t i n  i t s  i l i f l  u u , -uu -e inn sto rm t r a t - ks arid a u u i -nn u u i ous  \ - i i . t t  h e r

over the Fu ai t i - ul States . From e-amlv f l - - i t - i -h i- r 1949 to ~~~n c h i  1950 , a

- i - n  it s of antic ’yi’ l u -uu - -s f u u r O i -uI  i n  l i i - c I s t e r n  N o r t h  Pacific , gyrated

, l i u o u l t  a mean  p o S i t  i n~a u m l ’id t , t u u c - d t i e  n i - i n  m id—t - i-i pt u~tph i - ric u - ir i -u mlati on
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~u , t t t i - r m a  t o  t \‘ , u~~~m t  - h a  um m a  i u n d ’ m l y f u t i m j u u m a  to  b u u u ~~ n i ’ a 15151 w a a n  a n t i —

c ’v t ’ h u u i u i ’  m o v i u u t ;  i u t ’ F t  lu s - , - s t u u m c d  ill  a ;r i - u i t  arc  f r u in t i m  tt u m t h m i - u m s t  P i t t i f i c

it- i P5 c , - m b ~-r h a l o  t l ae  F m Pig Sea timid to  Ca ia;a d I un  ‘t mfl-uo ia -r r i t  a m y  by

“~~. us-h. l i t ’ c i i i  I 1 ludl u t a I t’ mi i i  ~ d S t  it - s s i m f f~’ Fu ui 1- l i  Fe  1 S t  1 h e r  11 lI e t.nti —

t i u u u i s  , c h u u i m n i n t ;  f r - r u  - :  u ’ t l u u u l  u ’ u i i n  i - i - i l l lii l i i i - w t - - ~ t o m m u l  u i i m - ’:t;i i u - i l s  i , , m r m  i n

t I m ’  t - t t s t  Ii) a l i t  , i h l v  m p u o s i t e  t t - r m u . P a i n s  ( 1 9 5 1 )  1 h m u - u i  t i m , -  a l - u s c—

u rti l s- 5 - u t t l , - r i n  l i m o  h l l i t - d  5 t m t  ‘5 t o  t 1 u ~ - u t m i o u s  f l m u r s ’ ; u t t -r i a  ~‘ t u i i l u  u ’d

i n  i - a r t  b y t i m e  C u s - ; u t  r u e  i d e  A n t  I c  c l - l i e .  Fu - c e i u t l v , D i i  - u o m i  ( 1 9 7 6 )

ru - v P  .~~-2 l i t - i - u s ’  mid ~ - u i u l  th u - i t  t h i s  - ‘-u i t i  i _ _ m i  e u r c m m l t i t i o n  p u u t t  i- r n

m i phit Itn u v i ’ u e i , l l  I u i t ’ t  - - i u - d  i n  i t s  2 1 ’ - l e i n t u  ot  -~~u 1 r s i o t i  s e  i i >  ml

tie 1 - - - t . i i  l u - n i Ps; is ii u u . ~ b in t i m e  l o u  i i  D~~ I’ i m i e l ’ l u u l v  ;;n 1 i t - n t .  The

‘iu j i ’u ’l P- 1 1 i i i : ;  c l u e  st u - i c  i s  t o  u - - i - - I t  i n i t  e ~shi t i m i - r i l l S ’ s i i i i  be

a - r i -  2 h v  t h ~ ~~~ n - - i -ti  , u i u o t t u i ’ u t i S ’,, l u t u l  l i u F i ’ Ofl  i mi  t I -  i i e ’u i i  . .P -~I

i i  i s  ; u e c i u u u n u t  cml  fu u~~ l u >  l i e  p m ~i - e e t i s i t  I ( m e  t -  m n r . u e  ~~t r i - o t i s ta b - t i e ,

- - iii ~i - i t  t I -  n t - - -  - y  - el I i’ i n  um t n n , m ’ ’) i ’ r i n i  1 - u r  tea l i i  - l u - ~t i v 1 ~ST - i  m i t t  m l

i u u r i r a g  t h i s  t.’ r i u - i  01 1 t ’. O — S O , I -  i c -  t o  i d u u ~ i f v  t i u m ’ i - n n ’ m m n t u iu t

-s  n n m d  t i - i  . ‘ - ru” u 5 ’ l~~-~ - ‘ imi t i i s  u u - - i m - u t  i - i l  I ’ m i v  15’ - 5 P - l d  f i u i ’ i - l t g

ru  i ’ m i e .  m i  t hu i s  i-p - el  l n : . i - u t  t I m  r e  i s  uie  i - c  i-i m m l i -  u m i y ti t I he i n  i t  m l

t i : t e .

A o t n i l i u m l S  mi t n u t u s u h a - m i i t  f t - i n c  in s .  Pu - u u t i u i y p u t  t e r n s  of t I m e  n -  u ~ m vol

p r - s s u u r ’e . m  -u i : n . m i y f i r t h u s i , m o  i r e ’  n u htu-w ’ ul i n  F i n m i r e  3. i ’) ; mt - i  i n -  ~ i n i l l v

~i n u i v i u  -2 i v  P - l a s ’ p r o m i p  i t  h e r  i 1ups T r u s t  I t  u t  i t - i n  of O c i - u u u o p r . m p i u y .  C u e

l a I n i ’ev u -n s  f r i -un 20 ° I i ’  h O° N and  f r o m  1 ~0 ° E t o  1100 W. .-\ ~~~~~~ nor—

f a c e  f ’ i t t  in g  on L h a e  d a t i m o  i d s  p o s s i b l e ’ m i - i - m i p t  i ’ i c m u i p i - s  o u ts  i d ’  if  t i a e
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i~ov i l ’ u i u u i a n ti . A u : ;  I l l i c i t  i _ il na F i p u m n t ’  3a , t h e  s -r i l t ’vi ’1. ~i m - u n s u i m ’ ~ ’ j u i t —

t u l ’f l  in  h i n t  ~ i~~-r  I u/ ~i) 5 1 m w-n  um u a m i l l o m u l a l  - u s  l ow  i i i  t i m e  f a r t  h i ’ u m u ; t m m a d  an

um m u u t r u t m  1 ous h a I gha i i i  I 110 t i l l  I 1511 Pu u m t  Ii P a c i f i c .  The ;iluoma I y sh i  I f ted to an

al  mos t  cpu ~~i-i :i i t  e pui t I e rma in  f l - c - t i e r  1 9 , 9  r i - s u l  t i ma p in a Cm -u i t Pat: i f  Ic

, S r i t  i cy n lo ne  i n  t i  u - , u : t t u - r m a  P - - n t h i  P i e  i f  I c .  I h i s  hP - p h moved s l o wl y u a o r t h u —

‘- - u - - - t  w a r d , m m - i d  i i i t i - i i S i t i i  ml  ama m l i u i m r i n  19 - 0 .  T m  ~~u ru r a l , a s i m i l a r , bt u m t 

r , - m t  t t  rm i  
~
s n s i ,~ t - i l  ima C l  m u t i n y  l m l  -i0 , e x c t ’ I u t  t ha t  an . u n - ’ t n . m l o u s  i m u w

d - v ’ 1 o j - ’~1 i l l  t h e ’ Cmi i I of  ,‘ i : i m t i  n - p u - i n , P i L e  t h a t  0 a t - - : ’ i , u l o u m s  l e w

t - i - t i st ~ ’d i n  t h u  : t m m l i t  p l c  i - i - m i t  i- i l  P - i - t b  Pa i - i f i c  Ocean d o m ing  l l m c  l i s t  3

,- l u  I 115 of t m i  ‘F l u

The t - r , - r t , i l o t m n ;  t i - i - i t t  rop h i i c  ms- m i  (C p)  O\’ i ’F t h e  t n u i d u h l e — l t m t j t i j d t ’  n i - p iom

of t i m e  P i n t  h i l’ u c i  f l ’  Oci - u n  15 ~~u -  , - u mi -u i m t-rn t h e  u u e - n i l u u u m S  si - t m — u i - v e l

u n e ’ u t s l m n t ’ uI - I  r j h u m m t  h u u m u ~ ( j O t )  h i V  t i I i ’  u . ’ t  n i u u l m i u - n e l t i t  i o n ,

= ~~~
. ‘k -s . (6)

p 1

The 1 ‘c a l ,  - u u m r l i i  e \- I u ~~l i s  - - i m t t u  l O u - u !  h - V  i t  i t  i i i ;  t i m e  i u - u ’ o t  I u ’2 1 u i  c wi tud I ,°

‘ o t i me 1 -ft t n t - I  - I t t  i ll: ; i t o  u u u i p u u i l ’ 2  h i -’ u f i n t i u r  n i 0. 5 . h - ’ r n t u m - : u i c

• uun n u l v ~;is i i  p c l i i  i d  on t I m e  ;m m iu-t:t,t l i - m i s  utuu u n t h a lv ui - t n  w i n d  u - i - put (-d h u m

u : 0  ~i n ~ - s s m u r e  f i e l d  i - i f Oc t - i - i -n , P u - i n -  i - - n t i m i d  P. l i - i _ n  19 59 , n d t . , n u t i r y ,

U- i m r u i u m t -y  t i mid I’ m i v  ) Y i l ) , m m m d  rumi l I i u u u u ~ iui 1 Ic - s  m r  t i m e  et  i u u r ; n n u u t  his - ‘id

t i - n i - C - - i - I s  u u f  F u r l - n  r , u ~ - t  f I e i i t s  i n -  i~ u - l u t .  The re s:il t ing ant- itrnalous

sCud , u ’ l u t m i u m u  1 f r om I l m i -  h m t n , n u t m i l i i ’ m - u - i - f f i m - i t ’ n t s , i s  u i u i m l t -d t o  t he  cl i ’ u , t t o —

l u ; i u ’ a l  w i m u d  t i - i  m u  ~- m ’ i si-n t the ti t tt i l u m t r m 5~ - h u i - r i c  wind fu -rc i mug. A; i
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im i ’ i i  - . - : b u  i u u - iI  w i mi i i  s - - l i ,  is’ t i  t m t r~ u h i i ’t i i u p  in  I lit ’ \ s i ’it I i r l  
~ no r t h a i - i f  t lm~

, m m l i u u t t . u l o u S  I i i  t i m  immd a w, m k i - u a i 11p t o o t h .  Si  mit e’ t h i s - r e  ems’ t ao l’i l  l ab l e

, u m i u u u t u u l o u s  I i i , m t  l ag  d a t u m  m u  I t u h l i ’ f o r  t he  t In c ;u s - n i o d  of our  im i re st ,

t l u t ’ t u i o u ; m u m l o i m s  i m i - V  lu g  i s  i a u ’p h t ’ d t e d  as P u n u l i ; ;  ( 1 9 5 i )  t i l d  i n  h i s  s t u d y .

I - s- i - v - n , as P-ui- t m L\ t li -vu -hu l us , i i ’ m ’ t t i  in  : m:i l I : l u n u s m i a i s  of a m a u - t i u u l i ~ m ms h e a t

f l u x  i s  i - i u i u t  intl to uhu ~ V i ol )  i ma time ’ t i t i  i - t i l t  i t  is  t h a t ’  a i f  t e - i  I - a —

( u n ’  u i - ,l m u o t  t l u ’  I m e ; i t  t i  u i - : t himi t i s  1 - r e - - i n i b , - d .  [ h - u ’ i ’q. ( 7 )  h u i - l i n w .

- m m  I t ‘~~. ‘ l ’hie i- c Si  - n o m u ’  u t : -  -u m l  I - -s  i n  t i m e  i i i t m  a m i t  t h e  l u i -~~~h ian I mug of t h e

en . .;- r P m i ’ n m  . P- u i - u i-p - i n i  - i t  st  m r t - t i  - - i i  P- -~~~i n u i -c I u s i m u g  t h e  pr ~ - v i m t u s 1 v

pe - m u i - r i t ii c l i  t i u l o p lu - i i  ‘ ui u u l i i 1 t i  u umul t h u i  h i u t i :. ’ r a t  i o n s  to r u  - m r n i & ’ d

ou t  f u - i r  120  l i i -  s t n t i , ’r t h i t ~ i i - i ’ - u h i i m a ~-m 1 t l i o t ’ - i l u i U S  ts ’ i l i d  h u m , ’ i m u g .  The t 5  i - t i - i - r u m —

U ci - - I - m u h  c m i  r n i ’ m i t i i ;  - u u m i  m t  - 1 lii t h i I s - n -~ i m I n i mit Si  t O  - - - - u t ~~ i i 1 ~-d I i- i - m u -un —

a l l i S  bin t ; it n up lv t u l u t  n u t  h u l l ;  t i lt ’ om It-i Su- . lt n o l i tl l c t I t ’ u , i t t P - i v u t  t h m e  ~- i - r a - -~m —

I ~m u ;  I l i i i ’

‘liui m~~~ u n i - i - u t i - i t  i v u - i-m i . ‘ t I m t -  I I  i l - - u - ’ - . i l ’ u u m  i i  - . u ’ i i u ’ ;~u m r f  i i i ’ l~~p s i  m ’ oa r—

i° m i t S uP - r t i i  is p r I ’iI ui  i’ i - ‘ I t - ’ t i  t i  i n  i~ I : m n i  S , i s i  i i i  ii i in! i i , m  t i - u ~ t i m - ’t  -i- t m- i

d v m a m - - - i c ’ m  - i t  i ts ’ i m a  L I - - i- m i m i  f . m e t ’ i: u . u  s i t . i t  t I ~ h i 1; i : m u i i n u p ,  P-mi: n m —

i n n  s u m r f m e e  t i n n - a t o m  i n -  , u t - m - m l  i v  f 1 u - ’s’ i t u p  ; - u ’ f l i i  u n - l u s t rd its - i i i

d r i f t  s i ma t lit - u - i S t  e cm i  P u - r t  i i  P ic if he m i om t ii u t  10 0 N nid f l e s h n ;  nor  t bi ’ , - s  I —

r u  i n  t h e  Ui - mi t m i l  I’ t i ’ i f  j c Vi ’ e ’ m ml is s’ ‘ i _ u  It -i F i i i  m~ - 5a , ~- hi  i i~ i i-i t ime

, m u i r f . m i  i i - u m n n u n t  t u f t e r  ‘ > u l m v s  of  ~ i t - u i m l i t  i on  i n  l’& ’ O j ) u u u i s i ’ to t h e  a n ( u n i a l o m i s

w i nd P - s l u m  s d  from F h - - , m m r u - i i .  ‘m m  t i  r u s i t i  I I !m i -r i s  uCi ’ik hoc l u ’ o u ; t u m l 2 N e r —

pi -m mce u t m i l u r th u tuu m unn ui lomis i u - w  an d  a w i  u k i - i - i u u v i - r g e n r e  u m i t h i n ’ r  t i u e  t U t u -  o l o m i s

hi gh dm m i - h u g  P i n ’  t n i i - i u - r  . A f t  i - r 60 mind 90 m h tu y s , t h a i ’  s i t u i m i l m I  ed u u m u u ; n ; l l o u s

m u u r f u i c & ’  e m i t - n -  u t  s ihiiiW a strun g coiu~~erpe- mi t pt i t ti-rn around the center of
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t i m e  d t - v i ’ l o p i m a g  , u u u u - r ; u l  u u m m S  hm I ph amid  m m w- i - i k  d i - i_ i t - pc - nt ;- m t  t i - r n  m r o u m n d  t i m e

sub t r o p i c  1 u u i s ’ , as ; ;h u i u w u u I ma F i p u m r i ’s ‘mb - m m m d  4c . [lie ; i m r f u c -e  tin ui u a lotm s

f l ow is mn os t l m a o r t h i w ’ m r d  i m a  t i m i - - a s t u - r i a  N o i - t l m  P a c i f i c  mud  i- mi st ly maorth—

i - t m s t w - t i r d  in  t i m e  msi - :tt e rn Ps um ’ t ha I’ ui - I f  he mau i — t h u  of 20~~N , ‘ I h o - m ’e mi5~ ; t u i m ( h

w i  rd i i  i u w s  I ma h i ~ - h i  l i t  I t  i i s  - u m u d  I ma t l ie  v - - I i -rn P u - n  t h  P ;in ’ i f  i c  ma~ a n  t i m e

‘o - sti-nma b u - u n u l t r y . ‘ m m  ;t r i - n - n i t  u - i l  P-m i’ i m u ’ r j : m - - u t  a l  I - i - u - - i - n i  m i c e  of t i m e  s u r —

f - ice c m m  n t - m i t s , , I - - s i;- , i - I I i maps - m 1 m i-l i la ; m u  i i i - r t i mu ~ a m u u u :~ u i l o u i s  i i  u I l i v  c i  u i i i  in i n

-
‘ 

. t l i e - ; m m m h i u i ’ , - t  ft n il i u j ’ s i ’i 1 i m u u ; s  - i t - u ’ i m u d i c u u t  i ’d i n  t h e  t m m u o r n a i u u u m s  c y m l u i t u s ’  i n

t l a e  S t m i u t  t ’ - - 1 - SOS . ( “ ‘ m i - i  s i l l  u t  l y ,  m m m i i - n t u i l u u u t u l y i s , u i ’ tn t i ;~~~~- c u t  m i n i - ; ;  tli -V i ’ l i ul ) in

t i l t ’ cs - m i t r a l  ~m nd u i u u r t i m i i u i t ; t e r m a  I- Ii - im - t l i  I’ c l f I i - n m - u i) tui i - - - m m u l o u i s l v  i - o l d ( -  . 1 - ’ - r-m—

I i m r e s  i h i - \ i - l i u p i i i  t i m e ;  isi :~~~i ’r n  P u - n I h  Pa c i f i c  u u i u u  t i a  i f  IV ~ N aft -n ‘30 ul my s

s i  , u P - j t i o n , t I S  - i t i ’ Sf l  i i i  C i p tm r s ’  P t i .  ha t h e  : . . l - t  n s ’p i u -s , vis a u i m A ’ s i r e ’

p r e s i ’ i a t i i i  t i m ’  e a S t  uitu,i m u s t , 1 - u t ‘ ‘ l i i  ID L\ ’ s I n -  ~u m u - s e m a t  i n  t l u e  i - n u t  n - il

- i t it C i i  i f l u ’ . ‘ i i i  - ; :u  ui - u  I s i m m  Sri mon . u  - u u t  i ’ j is  - I - u i m l  ml  m u s h  l i m t - f l u  i -u i - - u mm

- 1  d ru m l  in I s u m h i - i s m  t fl~ 70  ml i n  t h5 - m u I r i p  i i ’S . ‘ - . i - 1 l w  
~ 

mi r m  t d Pin

u , m i - - .. i m m l o tm n ~ 1 . i i  w i  t i _ l i - u  h o  t o t  m t i ’ t  u t e  u t  - i u 2 t  la - ; ~ t or  Dl iI~u v s  . - I

j
~~ emi l i- m a .l - , - u m t  I ) . ~~ ti - u -ri i i j ’ ,\ s in . m~mi i t  . m - I -  ~u t  h i u ~ t o  -u ‘ - , u P - i  h u t ’

m i t t  l e e  s I t f l ~~~i i t - - n n . m ]  m m ’  a n  3 ° ~~.

P u i t t - ’ i t ’ t i m ’ ’ i - n l i - u u : ’ i f i j t m u  i t  S i h i  n c n - u  - l ’ -V i ’l 1 -n - u . m m n e  i t a l y

t h e  ii l m : u u m l  m t  u - u !  i u P Y  u-u i ’ ‘ i n n s’ w i  i ,-
~~ I I v  - - r i  l i t t i  u s e  - i l  d~ i i ’ m ’ S i f t r 1 ( 1  t o

90 2 a y s ( F i g .  Sb ti mid Si - ) ,  b u t  g i - u u i - r u l l y i i t ive  p a t t i - n o t ;  s i m i l a r  t o  t ’ - . i t  of

t he f i r s t  m i t  h a ,  A f t  t ’r 60 d m s  u - i f  a : i u - i u u . u l o u m s  f o r c i ng , a v - ar m  V I A  of

u l u i u u i t  0 . 60  i~~u ; u  i r s  i n  t i m e  i i m ~-u ti u - ti ‘- ‘ - ~~~h l’ i u -j f l c  flu - i - i n  a t  .u d e p P - m  of 100

-n 1- i t  l ow  t h e  : ; u m m  h i m - c , am i d  um s i l l  l i i -  s 5 i r m V I A  of l i i i ’ I m m u r e ’ t n t u u ; m u  i t  m imi c  u p p i - t i r s

n i t  i~~O in d~~- 1 - t h  a f t e r  90 d u t i n s .  No si g n i f i u - u m m i t  si~ - n - i l , I . e . ,  and OTA

1,4
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p m - c~ i t  u - n  t l m m m u  0. ) ° ( I , i u , u ; ;  m u - n  t t 1 - ~ , m t ’ i ~I h i - l ow 100 ma u~ u 1 u t h  P - m i  u ’ ; u I u o u m t  P - m i s

e - x p i - r i m i m t ’m a t .  For t u e  l a s t  30 i l , u s of i n t t - p r u m t i o n , f n u - u m i d t iy  90 t o  da y

120 , the  mm m u o s m 1 ous  v i  mud s im i f t  S to  a d i f  h e r  ea t  pu m t I c ’  rn .  As t ime  a noma 1 m i u S

ali t i c y c l  o mu e  d r  h i t s  ~‘i -s t w i nd u m m a d  i s  n u -p i m c i - el by ~m n ; i n i u ; n a l  ous I euw in t h e

C a l f  of ‘il a i - m k u t , r u n e ’ Cuu ’ i ’ , i f l l C  w u m m - f , u u i ’ i - m m i - ri - u u t S t u n e  t h i r e - c t i ’ d  t u s- i r d  t h e

P t - r i  t u g  Ui -u i  m i n d  a di ~- i - r p u - m i t 11 ow i s  I m u u l m m c t ’d i i i  t l i i -  Calf of A ’ . ‘i nt m ( F i p u i r e

‘+ d )  . 11, - n i  i ’ t 1 _ t i c o l d  m m  I A ’ s I ma P-mi - i- - u - t i - i  ma Pu - n t  ii F e  i f  i c uu ~ a r t !m e ‘- s i m m

C u u m a  I i n  , - u m  I ii  I ut i n  I sha , w’ia i i  e’ t l i i   i to  I d  V I ~\ ‘ a 1 i mp ; I l ue  i , i  sI i n a  lu - m m ;  ui . r y  t i r e

a l l  e x t e  n u i u -d ~i m u u l  i u u I u m u i u ’ i ml ~ t m s  u s ia  i n  F ’ i ’-, ; u r e  ‘u d .  The ; u i . r ; n u ’ sto~nt  co ld

011 in t I m e sub l  n i - j u i c  n i -p Iu u m i is P -t c ci : - u m l  t cii the’ u~ ; u u i n ; u i o i m S  low  t -: - : u m r eu

i n  t his’ m i - l u ll t l m l ’u u i u u l ito m i t t h u ’ i - u- - u t 91) u i m u i ’S . l~i i i~ ~- im~t~ - m -v ~ -d SST a n o ma l i e s

f o r  t h i s  lu - i d m i n t ’ shmovma  i n  F i p u i r o  6. ‘ i u e S e ’ SS’i’ , : m i ~ - ’nu , u1 l e S  i r e

i-i y ~~~~~~~~~~ : , “ ; : ip  1 - t i  ii i o u  P i t u - P t : m  l u ,  1 f r i - t n  L i i i -  P , i t i u u t u , i l  1 - I n i r i t i e  F i s h - n v

h e m  V u i C ,  neni li P e t  i i  (- I e u — i - p  i n  i s o m a S  P i t S ’ e a Ci p m m re 5 a m i d  6 i m a d i  it i t 0 mao

P u l P - a l t  l v i .- r u - s i , ’ - i l n u i i o , t i n t  I u u m ;i ’ u i t i n i i ~ . l t f l \ s  s i ; i i i u m r  u v o ’, m j t i o n  and

ih i - v - l o ; - u n n u t m t  5 h t l i  u ; u u t l u  i - u i  ‘ u ’ n m i - u t  l u - l a  c - u t I i i ’ i i - u u t  i f  0. t~~~. ‘- I - t b  t i m e

0 F ’i at 10 ii - I ~ 1 u t h  , m f t s - m ’ 30 - ‘ u y s ’ :-u i ~~ , u i . m t  h u m )  u n t i l  1 1 u & ’ ,-i c~-d F b I  u~n- - n - u u 1 i -  s

of  P u ~~e m - ’ - e r  1 - u -i - i  ~c i t u ;  i 1 , i u l ; ;  u - i t  u i n u - - n ~~~i 1 u ’ isl y ;-: i u t - n  i n  t h e

tn u I Id i s- ,m t t i  i n  tI - i i -  ( I t -  - - I  i ii P u ’  i t  l m P u t  i f  i i ’ Os u ’ . i  mu~ - t id ;t i i en t t i  l u u i : ;  1 y i mu d

- - - u t  e r  ,;  i~ - r u  i i  in in t h e  i i i ’  rtl ‘cm ’ - t  - I n ih  in  t la o c u - n t  r u m  1, sumb t n u - i p  i c  ‘lu ’m t  h

P m -  i f  Ic t ) - ~ - u n .  I - -w ~ -v , ’r , t l m e ’  i - i l -  . u - m ’ ;- u -d Pu ~ \’ u - I - u  i wi - mm -rn m i T- S is si-il i t  i n t o

i - c o  i i - ’ ,;l -rs  s i m i l e -  t ia c  s I t - - u m l t u t i - d  a n o m a l y i s  u o u u i : e m u t r u i t e d  in to  one r , ’n~~~- r .

‘1, - u ; ; ’ i t  t h e  s i - u P - m i t - u i  ( P - A ’ s r e - p u - n m  i t  l i i i ’ f l t ) i u t i t 1 u i l S  I i  t p i . r a t ; m r t i f u n  l i m e

m a r I a - c’ d u- -~ m a to a e l i - p t  ha o f  20 in , i ; u u h  t l o ’ i r  m nu i p n i t m m u h - s  m i _ u ’  x1’ec t ed t o  he

n n - u i I m - r  t i m - i n  t i m e  s m i r f m u i - e I i  P - u i  m , m t m i r p , t h e  v i l u s - s  of s i ; ; t u m l a l c d  ( iT S ’s , as
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u ’ , ,  m m ma I” I m u m  i ’ ‘ - i , 0 m u  - .m hu i u mi t It ) i - in u n u t  1 t i  i t !m , m u mi  u t - i -  i u P n t i  - m \, -( 1  . lime

iu vm - m , m i l  is u ai- - m acss of i l l  u ; i ; t u i m l , i t i  ii t m m i u ’ n - : m l  in s  un i v  i - i  . m t t m  i i t m i t , ’d t o  t i m e

f a c t  t l m a t  l i i i ’ s n n f m i -e  ~ imu el s t i m e  (‘ u~~ ‘ i i t u -P f i u - I f l  t im e ’ n ’ n u u u ) t I m s ’d m o i i t h i i ’~’ nt - na

~u r i - .~ n n u l i i ’  t l S u ’ n u  1 s-s , s h u l e i t  r i - : ; u i l t s  i i i  vi  S u m i  f i n e  u -  t m -  S- i - S  (t ’ i u l t u i i u m f f ,

I i u t ) )  1 i  r I i i  t i i ’ m - n ’ m u - i ’ in 1’ ut mi u t  ii - - u m u ;  i i i  ui t I - m m ’

In t tm mc u t u i u u t t i i  1 u f  l - i i u s : ~~ i i~~, P- ui ’ -m u m m l  si -im P - i t i i i  .m u - , ,  u n  i t  t m ’ n u i

b u s - , i n : ; u m i u n i -  S Se i i  i i i  ~ ‘ I i ’  t ~t u u l u i - n V , - il i l i l ’ w i t h  ~m - i t t  nn  ~~~~~~ re P-i t i - ma of

.1 0 .18. I ’ . u, V u - F  t h u  u - u i V - - I  - - , m t l f l  t ’ l \  e e m m l - - i ’ S b m , u ; ’ ~ - - t i - - m n , m t i  i i  - ms ia - u i i m i -

w h I  11 ’ t Im e m i - n i l  i t  u i i  ~m n  m l  - c i i -  i i i in i .-~~~
. i il~, ni - - I , :  i t  I i i  c u - t i ’ . h u t ’ - - u nmi ’

I : - u m u t ru t ‘d l
u
~~ i t  t t ’l ’ ii p e n n ;  i s ?  u; i n  . l , m l u i m , i  m l ’ I 1) ,m n u l  ci -cis ‘n i l  OS t m u  u I - n - u  i - u  oh

i t t  n i , i - ‘ u t  in int m p i u i t  m i i i ’, w i t h  - i  c u t - r e P - u t  l i - m i  u ’ iu - i f h c l , - m t  u t  0 .12 .

m i m e - - i  n~ s u I t ’ ;  0 u l i ~ l u  t h a t  I i i  t i me I i  I ii h u t  i t - h ~ ni ’ u ’ i i - i m a  hi ni t he n i - m t  i —

e’ai t m - m n ’ u h  I I I ’ u i l s t i t  t S  w’ ’ ni ’t i n  ts P - i t t n , ‘i s I n  - i - lit h n u i ’ i i l  P c n n ; ~u ’ l l j ’ u ; ’s i i h i -n

m I t i ’ I 
~~

- ‘ S- u i  - i  u I i i ;  c u u n m u  - i l l - i  m i n t  - ‘ - - t s’ i u  I I  m t I ’ I ~~t ’ , u  in I ma y- u i - r u t  in- ; r.a t a

I I I  ,Y - i i i  t~ n i  - ‘ P - c  I . fin t l u  - i i i  F h u - i  , t tm i i - w- isP — i m i - b u m e ’  el i t  - -
‘ 1 1 i - m m ; - . 1 .

b um i v i i  - - n m u ’ i n  ( l i e ’ - u P  - u m - - - I ’  m i -p 1 ‘ n i  t I~ 
i I S e S  i t ’  he! t l i u u  n i~i l  I i S i S  ‘ m l  s - I  i C —

t i \ ’ i - i ’ i’ t i — I  t
’

u~~ u ’ u I p t l i  i u t  u ’ - m ’ i u m i u u - - l l u , ’ h — i  i - ,~~~ i m I - , u - i v  - -i - i l l - m- - -d ~i m  i l _ n a

• ~~t i - 1 u i i u u ;  i s  m’ c l t m t  i v e ’ l v ’ m t m ’ , u m i - ;  0 - - l u . i f  t h e ’ m n u , - uhi ’I ~~ l u - i t t - i’ , t , P - m i  ‘b—

r i n d  ~b ~~ ‘ P - u 1 - , -~ m i t  of l i i i  w u r i m u  m u m u m P - v  I u m  t i m e  C u P - f  i t ’ S l i t  ~~, i  2 m m  I m p

-i . ’ u ’ i i- cr  I n -; - u ~ 1 f~ s l u r  l i i i ’ to u n u m n u l  i u n : . ’, - ‘ m r t  l u ’ , I , ~ i t  I i l l - S na .i I P - - c t

not ci ‘ mu ’ ;  I - - - m u P i i i  I 1u I s u m  t mu !  v

‘lime u l u n ~ u ’r Vu - i h  F b i ’  t t u u l t ; u n i l  h i s  am’ s n - u t !  m e i u mu - i t Ic in t h i n  rn t ’ i a t h  - f

t—’i h i m — u t ~~m ’v 1 1 , 0 , , u t n u l  t o  i s  t he S l ’ u i m l , u t i ’il I - u t  t u r n  w i t h  ma i - u t - ri - i t t  i i i  i -o~’ i f i —

c i s - mat  of  0. 71 , - i  ft ‘ - i t l i e”  Is I mm ii u ’ii u i ui ~~i -ul . P - u i  1 i t  hi h~~~’ u ’ st n i u m a g wa run () A ’ s

in the i m - u m t r al Ni - i r t h I’ m - I f  In , sad ut - in pi mu i t l i v  w ,i ritu u ’r u l oiag the w’ ’u-ite rn 
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-

b- - m m - u u h u m  in , n i l  m u h i l m ’ r  • t h i i u i m ;  1 1 m m-  , m ~~tu m i  l- i - m m u u i b m m  V .  (‘i O u n  I s l e t -  I ; i ~’ t lit. - u r  —

~‘ l t  in of u - h i - i  i vi ii i h m t . i  I i i  l i i i - w h i t  i i  Si t - s u f l  t i m l ’ & -s ’ i i i - - u - i - - ago , din t - m i l e d

i i -  - p i i r  i s e m t s  l ii - ? w i  i - m m  t h e  c i h i i - i V i l  h u n  and  P - m u ’  ~~i t u m i 1 - m t  i o t a  m i t —c ’ m i n t  ~- i - m — y

- 
‘ mi l l i i i ? i i i  . m u n i u m  um l i , t  1 1 w i  i u f l  - m v  i s t h i  i t  ( h i ’  s I - m i i i , i  I i o~ u i  I i i i .’

‘ I -  t im r i t I c  Oi ’~ - , ma - i n - h r u 1 - - - m m u  . m m u s u ; f l a  l i i  u s  - i t  me -  1 - h i  r i c f o r e  l : m b ’, h u t i  S

- l - - u  i , u t ~ P ~~~i t  L i  i t t - ;  u I  u P  S ’ s t t m , i t  m i m i _ m i  i t m I  I \ i ’ l v  i m o l t ’  in u m n ’m . u - n m , - n

‘ - u l mi m i 1 - m r  t i u  l i i i ’ - ‘ 1 .~ m m ~~u i ~- h I  . I t i i - -’- n i I I i ’s ~~I i h  , m n  - V I  m m i i  ; i u t  I t - m u m  c i ’F r i  l u m t  i o n

c i e t l i i i , ‘ i t  ‘‘I 0 . 1 ’ . I ’ h i i a  i ‘ p u t- I i i - m i t  1 u , e m  i - i  u - n I , i i i a m ’ ul t h u - i t  t i m e  ( I t S ’s e l m

I * ‘ F’’ i i .  m . m t  • -d i n  m u i l i u m  - i . i  I ‘ e u - i l l m m ;  - ‘ h i  r L 1m m ’ ,m m u m  ‘t im - i i  - - ‘; mc I mu d  l i i i  m I t  m u ;  in  t I us ”

m I - n ,  u t - u ’  _ i~ h i  - u  t I m ig  _ m u  i i  I l u _ i t  t i i i  ,~ i n i l  \‘ ‘ ‘ i i i  I I - t  I i - a  I I in I n  t l m i — ii. u m m i i - i i u t

t h u ’  ~-h ~u m m - - I  i t i - i ~ii m l  i u ’~-u . I i i  i~~~~ i i - u - i - n i t  i,’ i t  h P , - l i - i - - u  (l u u i 51 , t’ i - — ~m i1 (s lu sh —

c u t  u ’ t i ’ m t  l i i  t I m e  l I t - m m i m t  i - m m  i i i  i u l  5’ ’;, i~~~~ . m mui ’ :u , u ‘uS b - . ‘ u t h i ’ u ~~ u - f  t l ie u

i i u t i t l i i  t i m i t s u i ’ i l l — t i  l i i i  l i i u u u ; , t i - i ’ c i  ( u )  - u i  ( t  ) i m u  i- i 1  ( 1 ) ,  p l _ m v

m - ’ - - - i - i m t  i i i  1 0 1 , 1 . : I . -~~ , m c u ’ i u u i i , l  t~ ’r 0 i ~ ( t u t u  i l  - - u P  h i ” , r* - u p i t i v i l v ,

t o  t i n -  I ~‘ I m I i m i u i  i ’i - t t , m (a ‘I I i i  - u m  I i  - i - 1 - - - i m i t  t li e ’ I p 1 ma

m u i t u p  u - i t  t i m  i ’’~~ i - - m u - u t  ( t h e  l i t  t i m  u i . m v )  . - - m u i  ( i - )  — i v  i u i ’ i u i m m  0

i i i  m i m i! — i t  I t  - ‘ - i l - - i  e h ue n - - i P u ‘ u - n t  m l  t , - ‘
~ 

‘ n i t  i c i i  - gr u el  h u m  m i n  t

i i  i S  1 _ i l  
~; e~~~~i u i ’ i ’ L u  m u i ( I  ) in h~~’ i i i  u m  u - I ‘ p i u ,  t - i t  l i i  1~ -w 1~~ i u i m i ’, ’s

P - i ,  I u ’ P - u e - mi - m n  m , - i t  i u ’. i  I pr  - b u - n t  u t  i u 
~~ ‘ - n i t  mu i t -  1 s 1 - i t -  se . In  t l u :  u t i m  -

m m  - ( I i ’ l u - i t ’ t i me - i i i - u n t i l  - i i  - i i  it ’il i e u 1 - i i t t  :5’ p m  eel i - i t s  m i t ’

P u  i m ~’~~d I v  s - - i l l , , m u i - - , , u i t u u i s  s u m i ’ f u i - in  h m u ’ , m t  f l i m x m s t i - m v  lie thus t~iO5~ ‘ - I  t ou t

m m ’  I i i  I u p  rmu ‘t h in I - in .

17

*

--~~~~~~~~~~
- ---- - ----~~ 

- _ _ _ _ _ _ _ _



— — —_‘— —-- - .•- --_- - - -

~~~~~~

-- -

5 . Li  ~~~~ 2 : i t u u  I u t  Li ii ~u u i  c i i  ‘.n  1 O t t  I t i l l of i - n . . i n - I l ug  (i rA ’ ~

R . i u -k ~~ n m u m i n d ,  -5 i c - - u ’ st  m m d y’ t o  i m m v i - n - t  i g at  u ’ t h i s  i - V u u i m m t  i m m i a  r ind d i u t u - m i p a—

L i o n  o f  i ’ x i m I  l a g  i l l - S ’ s i s  - n u - l i - i - t , -d fo r f , t l l  md W i l t S - I — 1 9 / 1 — 1 2  s i m m i p l y

h u i - i t iti n ;u’ i t  i s i s  b e u ii m ’  I - m t  i i i  i i i  l m i m i ’ u - i ’ oils i i m  m i ’ - - mi ti l s’ :mi r—n,’a i t i t i ’ i ’at _t t  I m ~n

-t - - t u i s h i i - i - m  (P m i  u s , 1 9 1 2 ;  1) 1 - h  ‘ - t ~n , 11 112).  W i n t i - r  l 9 1 1 — 1 2  d i l l - r i d  i n  m u m m y

* - ; n m i m e  I s f m  - - n u i  I i t  is I l l t ,- rs i ii t lit ’ j u i i - V  b u s  I t .  . ! u - , lao t on 1 y i n  t hi in SC v i - t -  e

i t  l i i  n i t , i - u s  m u m  i m ’ I I ’ - m i t t  l u -  u t  ‘ m l  t ’ n I t i -u i  St t u t u - s  l i m i t  n i l  so i i i  ( h u e  SST

-1
, -i~ , t  t er a s  - u m  u - i’ t he P. - i It P u t ’ i t  i i ’ (~~ u - u - m n .  l i i i ’ FS F , m u u i  - u - t , u  1 i t  s for  s - i n  ( e r

I u u i l _ 7 . h  w e t - u ’  e l m  - i u , m c t i - n i  - P  b u i - ’  w i - m i u  l b  i n  t l m c ’  - , i - : I i - i m l  ( ‘i - m i t  n - u i  P u t - l b  P a c i f i c

t u s h  m o l d  i n  I t u e  ~~
‘ u - S t  i u n i - , t  i i ( h i t ’ thu I t i i i  S t u  I t ’S , i n  o m i t  r t m s t  t o  t l u i u s e

i ’b ;- i  l i i i !  Ii i ‘ ‘ u I  l e t -  u~’ h m i t c r S .  l w  i V u f , u S e ’ s ’ t h e  n w  l u m t t t i ’ r I i  i- m s  5 - ’n t a b —

I I - ~u u i  , it N l u .  -S  ii  f o r  m 1 r u ng  p u F  h i d  of t h u e ’. P I n -i  I m S  ( 1 )  12)  ‘ u . m u h e

‘h i t  h v m ~ 1 ’ t - i s li t li mi t ; of t i u u - 551’ f o r  t h i s  I ’ m  i - - i l  h u n  I t - m t  i t  ic  u i v e i ’ t  j ea n

o f  t I i ’  m u m ’  — . - I  SF F u i u m i u : n n i 1 Ii’ w it la t hu m ’ a c m  - u i  n I  h i i  t u i - i t ’ H i i  is I m a t  u ’n u - u i  i r u - m i t s

m i ni ( i i ) I m i  ) 
~~~
. I’he n ’ -  m i l t s  u ; i m , - e u s s f m i l l u i ’ L u u l L ’ m t ,  P t i u e - i - m s t w m i n d

I - r i  ‘ t - c ; O S I i - u i  of  t I , ~ u s - u i  in P S I  , m f l s u  . . i l v  l v l I t ’ n i - P - i l  n t t  ;- - u u n f m m e e  u ’ , m r ; ’ u m i t  in

P- u i ’ i m t  i i i  I’ u u  i t  j i ’ • - ‘ i i ’ - u  - u _ u  a t  - , t  ~i —r m t  t i  i t s  t u I m i  t i nt ,  I_ he  I n u  i m e d

m - vi ’ l u m t  i o n  u t m ~ I ui ~~~t u ; i i ’ m l  l i i i  o f  t h i s  i’ ~~ I t h m u g  u m l A ’ s f i r  w i n t e r  1 9 7 1 — 7 2  by

m i s i m a p ~m i l m m : n . c r ! u ’ I l  u u u u l u ’1 t i m :t t  con m u u h ii s t h m ~ - - - m t  t - s u - o l t  m u  b \ m n u ;t i ic i-tm ’!

( l v i  I’ l u ’ , ’ - ’ - n-u i i i  t i - i - l u u - i - u f l  - t s P  t i u  C ’ t - i t . j i O i  in h a ’ , l u l u - m l ; t s w i t h  i - i - n - s - i i n m i —

Ii i mis t o  an-  h i ’  r st  m m i i i  I i i i  - t h , m tu i m ,e 1 v m u t m m i l  Ii ’ h i  1 u m i l e’ i n  t h e  i n  t s m ’ i or of t lu e

t u c u i l u ’l  u u i ’ u . i f l .  ‘ l ’ lm j s  l i n t  i t - u l m r  w - i i l t t ’ r  u iS e was i i  u-m ini s i i i a u l at c ’ d n t m u . e - a - i c a l i y

by Ha n ey u’ t  m l  ( l ’ ) 78 )  us i ia : ; -u - n u u ’- ,- ts- h m m t  d i  1 f t .  r u - m i t - m odel m mcl  u d i n g  the

i - b s ’ r v u _’d m u m  ili us i s w i n d  f u n -  ing .
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‘I ’lme oi - i ’ u m m m  i i :  i r m I  t i’i i C t ’ I t l h  i t  i t i m i  . l ’ l m s - P S’f , u u i u ’ m n a l i i S , , i i ’ h is ’ P i u m  t hi

P an i f i c  t iu - m - a ~~ f or  Pu - v u ’ ;  b u n  1Q 71  i r t ’ S i m s u w n  iua l ’ i gu re 7 .  P - m i s  F ST u u m m u u m u t u u l y

p u t t  t e r n  is t ’Om I) i i l tS d w i t h  t lu ~ ’ i ; u u u l , ’l s i  I I ; t m t s u l u i t l v  f o r  1 N i u m - i u n - h i m ’ < i f  t i m e

neurmna l u - uI- , i n eumi ;li s t u i t i ” , t o  f s u i u u i  t i m e  h i l t  i u u l 551 m i u m i d i t  m u  f i r  t h i s * x l u s - r i_

mim e mat  . iii - -, , u - m i ’ of t I us ’ 1 mt c  in f n n i i i  - n - u i  r f u m e  i - uh i  t ut , I t is  m u  i - i -S  - ‘ t- y ~a 5~ u m - l  I f  
~

t ime t’ e ’ t - t i i ’ t u l  1 i u m u f j i t ’ ‘f  i l l - S ’ s . ‘ i s - t u r t l i n g  t o  W h i t 1 ’ u m i s i i,s’ , u l i - , , r  ( 1 9 1 4 ) ,

iu m u ,u ’s! on t I u h u ’ t m i r f i e t ’ u I i t t t  f t - i n n  w i  u t l m u ’r ~. t , u t  i n s  ( P A P A , I - m u \ i  I- u k’, V t ( , l m ) R ) ,

t h e  l i l A  S t n i m e t t m n i -  t i  i i i  I v  i ,‘t t i ’ m m slm; f m  m u t u i  t h u  - - u m t - f u m i - u ’  l u m i t i  t i , ’ ~~- i  n u t -  ‘it

ju y u n uuu c 1 i i i , - m m i i !  t h~ vu - u  t I m ’ m l  p r i ’  I 1 1 , - s - m is - 
~
‘
•~ 

i i  m m i i  I v I n - ‘i fl u ’ ’ i m a e - i n s , (1 :’ u u m u ; ha

l i n m ;s V u r i . m t  101) 5 t u sh ‘ t u u i ’ i i ’t i V _ - i l  i i ’, ’ n- - u i  at t i ’ m ’ mi s  i u ’ i S t .  l u - j r

m c  ; u u l t  a l s o  i m l , h i e m t - - - l I m i t  e u u i d  (~~~i ’t ’ S p i i  m l i v  ~u i - n mi - t r . u t e  s l i m ; l m t l y

“ - i ’ P - m a m a  m c i  in u i u - - u  i b i S . ~~i- ’m u ’ ~l m n  t i m  ne in i l i i - . m t  bo i i ~ i n  t lmt’ e in. t u  i- ia

u m u i l  l u l l  t i - i l  P, ‘(h [‘ is i f  I n  Ph - n , ‘,c l i  i u ’  - - u i  ‘ - u  ‘ - m - I a t m  I i - I  i s  i u i  m u m - u - il ,

t h e ’ ~ - i  u m ’ t n i t - I  i m ’ 1 ’ t l a  i ’ I  i m L \ ’ s i s  . i — m t ; m m m : t ,  P I i  b u m - ~~~~~ nn f i u r  t b ,  u~- r u n  ,- u n i o—

u - u n  1 lu -s t m m  u P  l u  (1 vu l i i i ’ tm u , ’ ecu ml , t m  ‘ u . i  1 I, - 
~~ , u n~ t I t h i  u- i u I t o  1 , - u

~ u - F t i —

s’,’tl l v  i m l u i t u u u ;i i t  i S t S . S l m u i ’ m ’ t h i s ’  m u l l - m i  u t  i n  i~ i u ’ h l  1:; 1 td  t i - i  ij s ’ . t

r i p  I d !  in t u u t l i i i  i ’ ‘ t m ~~ t m i l o t  S it ’ !me - - - I I I  - ‘ - - ;  n—~ i t y m t  n n i i ’’ mm ‘in , mao a i t  i i i

St-t i - - - n u m l oems m u m - i - u - i t  H m t t u ’ u m a  i s  I S t - I , [ “ u i - i -  i l l  t - — i s  i s  m u - i -n  t h u

s - v o l  mm t h en - i f  i l - i - . - m ned ( i f  ‘u ’ S , i i i ’  - m m i i b u m  5 mit f l u u - h i  i r i e~ m~ I - m u !  f s m  i’ I ug i n ;

m m c d  i n  t i n -  s ’ t m _ j u u - i ’ h m i s mi t . ‘t ’l m i - n - m n - u I  i l  nn u , , l  ~~ l u p h i - u l  i u mts l i u I -  t s , u i  
- 

-u m ’d

in lim m a n g ( 1 9 6 9 ) ,  a t — t.’ t - u i u p l t u y u  1 i s  f o t ’ u ’ lu g  f u m n i ’ t  ~i ’n5 li i i  u u m u l l l u u u m i t  h_ h u m ’  s i u u i i l s m —

t Ion . As w i l l  he  d i  S c t i S - - i - ui  1 u t  u - r , t ii i  s i u ’ u p i u m m i ’ u l  u - u u ; u i l  i t  i o n , w l i l i - l i  l a mts

I g n u - i t  c - i l  ( u s’ - u u m u - ’ ’ ’  ml - ‘ m m s W I  id f i i  ‘ i ’ I u p  - i n  u~l I m a t  m - u i  ‘ m u  * na ; iuic u m rm 1 u u s  - - u t

f l u x , may i u t u ~ t - i ’ i u m i t  i- h I i ~tt ii t i - i  t i m 1 - d i s u  i - ’ m m a c y  1 - I t w u  u -n the si m uulat lu - u i timid

he u u h i . mi ’ r v i t  b o r m .
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~i - ’ . u u h t s .  I m a t e  u - u t  ~ u ~ 5 mm - u u m i ’r i s - d  e n u t  fs u i - 120 d n m v s , - n t m m r t  ing from

N e m ’ t ‘ 1 - s r 1 w i t h  t I m ,  i i  - i ’ r v m u! i ’P-’A ’ u; m u - t n m i u l u m i - u l  w i t h  t h i s -  u nu s u d e l  m ’i  i m a t o l o g y

fs u r u p - p i ’ m 1 - i ’ i , m t  in 1 , t v  m t - S . Dm i m ’ t ii t lie i n  I t Ia  1 OTA , mm no una  1 y m ’ u mrr e i i  t s devol  op

mti - ,IF (h um s a n te - i - isi u I t ’ll , n i  n u l l  u- f i u ’ w  a u u t  i s v ~- l t - m m i u ’ m i 1 y m i r o u m i a d  t h e  wa m -m

u n ,  n P - v  i t t  t i m ’  u . i I slillu ci ( i i i - P — n h P u ~- j t I i ’ O, -~ - , m n .  T h i s  i l - u t  t e r n  of

. t ! - - ;  i l - m i s  i ’ I I i ’ i u l  it i l u m a  - m s I ~~h ; ; , b- m t  g i ’ i u ! u u - u l i y u h i i - n i , u s s i s  i n  s t r ’ - m a ~~th a

t l t i u - t t hi -iu t  t b ’  - t i u ’ n m m l a t ~~~~u a 
~~

‘ r i - m i .  It i s  I - i - m i  . - u ’  m i - i t -  S-i t ’x ~ e t  t h u u m t  the

i ’ i u ] u j  t m m t u , ~~. m 1 h u m ;  i n  t i, i , , u , i u 1 ’ m a P u m ’ t l u  p . u e i f l i  U i  , u m a  i 5 t  11 1c  i - u  n i l - n i - t e d  as

- l i t - u  - c , i  i u t s . i  I e r ‘ i ’~s’ n ; f t  - ‘um t 1 mc . - i -  t t - u  - p I e s I at o t lii’ sm m l - i ., r t i in ni - u  I in

1 I i ’ hi  - i i i 1 ,1 - n m ,  u n i , . i  1 h i - -it ti l u ;  i i ~ t i n - , - u s  t - m m a  l u usu u n; u ’ i n y is 1 11 1- ie ’ st  m u  - a-; I hi  u - u , -d

. I m - : n u m u r c  m . u i b u i t - t  l i - - I c r  b l . u u - m - - - u ’  t I - - r d .

- ‘ i t  ~‘f  i i i ’ S n ! u u - w  t P ’  ~~ ,\ ‘ s u i ’ t t u e  S t u i ’ I - m e ’is 1 . ~~ ’ - n  u i f t u - r  30

- !  u u - s , l i t )  l u - . ;  - - ‘P  i i i )  ‘!.my s ~- t I - l i t  I i i  m- . m h u mis i u u t u ’1, r t a t i - a s .  F i ’ p m m m ’ s s  Bu t , Sb

m l  iii ’ l w  t h u  c i i i  m - i - ’ .~ - i mi u I P - au;  10 , ( 0  u P -  ‘ l ( )  u h u v  - 1 -  - i ’ n , - - u I  u m- o l m u t f u - u u s .  ‘- s

m5ma  ta 1 - 1 i ’ u i i s ’ ‘~,i , m i i i ’  u i t , \’ - h a  t h u  s u m r l u i c l m ~ ’ i - I -  i t , , s ’ , ‘i . ,  o u t ’ , - m - u n - i _ I -  re

P . r  t i m . m m u  i t -  l i t  i i  i i i  n : i t  ~ ‘ m i t -  n i t )  , h ~~m s  u t ’ ‘-m i - u P - m i t  j i - n i  t O m - l i - i ’ t i m e

i i i  i 1 i ’ ~
‘ iu- u  i u ~ f m  

- 
u ’ . ‘ ,, - - o l d  - i - i - n -- i . u ’ s t  i n  ‘ i_ u i  i n s  I ’ m h -  m~, . S ’ u i a

P t i l t 1’, uu ’ i t  I i ’ ii - m i t  e l i ’ ~- , I i  u~ u - i  I b m w i r t l  mis li t - I  I r , i t u s d  in  F i t , -i s ’  Sn . ‘he

- u i  - ‘‘ ‘ ‘ l i i i  15 l Si ’  t bit i - u ; i n  t 1 t ~
- i - m - - i i  i i i  P u I hi P u ’  - j I I i  - i i  - - e- - u I m e  - ‘ i  m t  of

P - m m  ‘ t i l t - - I  SI te s  u ! si m n u ’t - - - ‘w u u  . u i s h u ’ n u u i u ’ , i t i ~~5 ’ t~~~~~t t i m - i t  i l n y  are  - - u l i g l i t l y

s i  u h ~ - u ’  t h i u m  P - i , - l t i j t i  m l  s t . * t i - . l i i i ’ w,~ m m  , m u u u - u - u u l v  i u n t -  m u - mi a t  /~Q ° N , 1 /00

I’ I s  ~~1 , m~n t i  hm.im’ m ’ it - l i t  u- m I - m m m l  ward , u h u i u i t , 6 0 u - I  l o u ; p I t  t i d e  m u d  l u -i h i  ,ve

P. ~
.
~~‘t -n ~ - ~ i n u j l m i - 1 u-’ s’, u ’~- - r .  i i i  w i t - m n  m m m i e ’ t m a i l y i i  u t t e r  i s  f m i r t h i - r  i P v i i i u m ’id

jo - - ‘4 ° u - I  h m u t a g i t m i h i -  s- . m - , t w ’ m m u l  i t  S r  ( - ( I  d t v s  m u t d , I f l  , i u I i I I t  I on to  (hum -’ ~ e u ’I - ril
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v~ -~m b i i a p , t i m e  c o l d  a i u e u u u m a l  l i -u ;  in  m i m i d — l t m t  i t m m d o  c l s u se  to  t h e  w’u - stern heutmn t1~mry

a r e  pu sla i d u m l i u w - l y i m o i - t l m w ’ ; i r d  u m l u u n g  t h e  K u r i l  l s l m ia d s  mnad t h e  c o l d  ;l~1 i : n 1 ; u l i C S

t i  5 - i s e  to t h e  i - a s t e r n  b o u m m t i a r y  arc ’ i ’ \ t  i - n i b m - d  si igli t l y s o u t h war d , as shown

in Fi gure Sb. \ s l iii i i u u r  , m m a t u u n u a l o u i s  p a t t e r t a  per s~~~t s  for 90 days , excep t

t h a t  t h e  i - i n t i - r  of  t i m e ’ i- - tu r in u mn on u m a ly  h a s  d r i f t t ’tl u-u m u m t l m ’ , u - m t  mm’ -ur d rm n d  is muow

e e m ’m t  e ’r e ’d -
- ro imm ad 33 ° N , I 60 ° W , m s  s l m o w m ’ m  in F’ I ~; u m n  e ’ Sc.  N u t  i - i n  t i m a  t he

t s n n i u t n u i t U r e  a t  t h u s ’ i u i u r t i m s ’ ~’st  c ’ u ’ r m u i ’ r , 1 . 1 .,  u i - - u i ’ t i m e  Pu m - i n g  Sea a rea , lamu s

a lso  ii u ’e , u u ’ u u ’ uP- j - ,i ut l v  ;,‘ , u ; u u u ,-r  t u u , l m m  t h u ’ s  of P -u i ’  I ’ m  e - V l c u m i s  n ’uu ’n mt iium .

Fi~; m m r e  9mt s l im ‘is’s t i m e  c u u m ’ m i ’ .
~~~

- ’ u u u u i  l og  SST t u m m o n n i u t i  v p u t t  u - rn  obse-~~vpd

ui f t u _n r  30 die_ s . Ce m i t m ~~u l  u m p n i - u n: n u ’ mu t l itI n’i ’ i -u a Fi : ; t i n s ’s 5m m u - m d  8a is  p m - i u u d ,

w i  t i a  ti p m  I t ,  s t - n m s s u m ’ r i ’l  a t  i o n  i - u s - I  f l u ’ i c - m a t m u 1 0. S(-i . n - i l  Ia m l vial ri t e’d tad P-ac
5’

, u h n  m i d  m u ; ,  - ‘ n i l  l u - s  h im ’ , - t h e  n m .u i p u t i t  u n - l u ’;; mau l s i m i l a r  d i s t r i l u m m t l u u m i s .

51 1 ,i u t  d I u .c i t  ‘ i l l ’ I t ’S n n h u u u w  m it t i me i n u  t I l t - S  ( i f  t i - m t - m n  . i u ’,n t,tl It ’~ m u m i d  i u a  t lae

‘ - l i l t  i m - , , ,n d  , , t u t i n t  i o n  of t h u s ’ u ’ i n l d  n t ’ i u u u i m l  m u - m m  u t - a r  t i m e  , ‘ , u s t  i - u - u i h o i i u ; u h , ; r u - ’ ,

ihe c en t  r t t l  w u m r m n a  j uoo l  is ‘ h - - i’ -. i -P t o  m i t - l I t  1 1 0  t ’ u n m t t c u r d  f n u n u a  Ns i~~ — n h - t ’r t o

r, i . , , n , , l u , , r  ‘s i m i l e ’  t i m e  5 . t m m l , u t i - ul n t - m i  u - n t  i s ,  u h - u u u I _  6
0 i . m s t s , i r d , T h e  ‘ b i n - m u - n  i , u I

c o l d  a n t i ’ , i i  Iu ’5 - u l - - ,,u i - n ’ , t e n u u l  I n u r t I m u ’ t -  s i u u u t h i  i n  r u n s  e~~ u u n m u i  t o  t 1 m i -

Ca l  j f u u u  ma 1 m m  u u i s t ,  , f t i - r  60 cl ay s , t b ; - i i i  V u -P  551’ t m u ; s u u i u a l v  1u~i t ( e r m a  and

t h e  mm , u u l m i (s’d ~m f -\ p u i t i e - r i a  t u t  i l l  m m m m t i u m t i i n  u ’ n - m ~~, u r  s i m i l~t n h !  l u -s u - i - _ in e p t  i n

h u t i l i - n i  m i -ma t I o n u - ~i t so r i - n - p u - u t  S.  ‘ m i m e  m t  e - u u u m i m y  of t i m e ’  m ; o u t l a w r i u -d u ’:- _ t  i 1 5 u f l

m u f  s i m t ; u i l m t e -d co ld  m u m u u sa t i l i e ’ s i n  t i m u ’ u ’ , i n m t e i ’ f l  ~~u m b t  cop ies  is a l so  mm ’ i - tm ks ’r

t h a n  t l u u - iuh i ; tt - rv t id , its hid i e m i t  i ’d in F’ i g mi re  Sb. T h e  same i-no1 U t  i o u m a r y

t u - n d i - u t i  y m ue n c e i r s  in l ime t l m i r d  u - m i m u l m m t .  ion  un i ont i a  ma ai d s i m i l a r  pt u I _ t u r n s  of

d i ’-.u r ep anc  i u ’s h u t  m , ’u ’ c - n  t ime  t ’ i - i m ; i - m - v t . ’d m m u a d  t h a t ’ ~~I mi m i m l m i I - - ui m m u o i n a l i m ” s  i - ~~ l s t
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m u t e r  90 d m y u m . ‘ I ’ i t u  m u - i m t  u- c in u f t i m e ’ mm iutmumlated a ’ mm r m n anomma um ly i s  d i;u p l i i ’ -d

r th ea sm t 11 0 of long i t  mmdc’ t - n s t w m u r d , w it h in t h e  u u h m m , - n ’ , t -d u : t m u t s ’ r i s  d i s p l a c ’ s- d

about 18° of l o n g i t u d e  ( N i t - P - a s, 1 9 7 2 ) .

Th it.’ u ’i - i j m- i r dise - r e’p - m i m e ’y i-i - I s- i’ m - i a  i b i s ’ s i m ~ m m l  m t  u - m i  m u m u d  o h s c n - i ’~ ’ ui t u m a m u i n a ly

i r a t e n s i t  I t - s  i s  1 u n t u h ’ d P - v due ’  t t  e l i f f e ’ n u  u t  un u l i -i us  l u - - u t  f l a x -s at  t lue

Sc’ S m m i i  r fmm m ’ in i n  t h e  mu I ‘ ‘ i i i  m t  I oia - m i i i !  I ia t l i e  cub  - m m ’ ’ - -.1  u ‘ u  ‘ , - i f l ,  h a  t 1 mc t si an al  a—

i o n , t h u s ’ u u i m  l i c e ’ l i e  n u t  1 1 m m > :  1 s ca l  e m i l  mm i - ii I m a p n t f r o m  t h e  ci  i n  nm t o —

l u : ,  ‘ a l  u t  t’ m u u ; -m 1 u l u e m  ic  ml h r  t - ‘ m~~u u r u t  m u r e . h - u- e u um s c of t h i l t - u  u oma cl it i - m i s , a m ; i ’ a

‘ t u m m ’ f m u s ’in t i r , u t u n t ’ u i i u u ’ n i , u l V  h u m - l i m e -s m un  n u i t - u ’ - u u u l - ’ ; n ;  l u - m t  f l u x  w h i c h  t e m u d s

to ,b~at - mp ( i t t . ’ u um’ m -u lui ,u;ms u v n m l  u - .  For I u- m i l i i i  m t u n m o s p i m u - r i c  il i t  io mi s , t i ue

i n d i m c  t.-d m u it s ’t ’i ui l u  m y  h i ,  - m i t t 1 ax i f

I
’

11* = ( 7 )

‘ - h i - r e [* is  ( ‘ i i ’ n , u u n u ’ mt ee t i - ‘ u u t u m n u ’ t m m a ~’ ; - u l v  i i i  Q = /0 l v  i m m u - ’ ’ -P

(1I - ac - y ,  1 9 / 1) .  I f  t I m e  li ii ’: i s  “- ‘ ui t u m m l  cii - m l , i V u  r , ‘~~~~~~~ t , 1 , - u ’ s t h i c k , t b m e

I’ u n.i il t ag i ’ ‘ f o u l i i i ;  I ‘ u - I - ;  h u t ’
1 ’ - ’ u I / Q  i I ’ h u - 1 i I - ;  if  u P ’  , ;‘~~ u u - -1  l i m P  1

i f  ‘/ .  — C ,n .  I l i u m , h u e  m~ i m i ’ f n u e s ’ m u n m i ’ m , u l \  “ t m  he  , 1 n~ P u ’ i n m ; u i d t ’ n m b l y Puv

t h i s u ’ , u u 1 n u m u i , u ;u a  u h u m i  lap i b m , - 3 m n - a I i m  h a t  u ’ p n u t  i - - u i  1 ’i, r i - - d  i l l ’ t h u i S  - — i _ - u P .

I t i s  m l  n o  p u u ’ - n P - h i l c i  S u i t  l I t ’  ‘ h i -  - i ’ \ ‘  -1  ~u t i ~ ’t - n , t l t n i i m s  I tt-at llumt s t ~u l .iy I ~n

i n t l - m t - h I n t  u ’ u h i e i n  u ’ m m i m t u i n l r m g u u ; m i m i f f t - u ’t  l ag  t h e  u ’ vo i u t , i t n i n of t h e  oh n , - m ’ ’ ,

:m fl s u mn ’cm l i e s .  The m i n - - m i - i  m t  u - r u t  lou is , h - u t  b a t e d  f ront  the SST n u u a u l : n i n m l y

~- i a t t  i rm a of w h i m  t er 1 9 / 1 — 7 2 , c u l l  for  a I i  kel  v mutu ’ n ~’n louis a I m muu us p lu u - r I c  f 1 , u ’~

- i m m t t c r n  C o n S i S t  i i i  i i i  m u u , u i u n i i u - m i s  m a t i r t i m e - r l y  cs- l a d s  to  t l m e  east  of 1 (-i0° W ci i i
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u i a u - n n m , m l u - i i m s  n - u u m m t i m i m ’l y w i n d : ;  t’o t h e  \-, ‘ e ’ m-m t-. . ‘1’h’me’ mu ;u - u ; m ’ ulc- i m m s i t - a t  t l a x  u u ; n n ; u s - i i t t u - d

w i t h  t, h u e  s ou t h i ~ - r i y w i n d  i s  1 i’P , , - l  y to h m . ’ m v c ’  u t  r e  u tm; t lu e-n c ’d the  s m  run t , u u m - m ’ - n i l y

in t lae c -mm s t e r n  P m u r  t ii Pac I i i  C Oc: e’an tum i d  P -ac l a ma r  t h a e r  l y wi m i d i s  l i k e l y to

h a ve emuha i ac c d  time t~shl d ~ u aomm l I i i  - s m u 1 oma g wi  I h t hu e ( ‘mi I I f u r n  it coast  . The

s t m u d y by l l m u m a e ’ y  i t  mu ( 1 9 7 8 )  - i n m u n 1 ; ; i  St  s t b u u m t  i u m u n i m n u s m l t mi l  u u m l \ ’ , - et  j u n  by a m u o m a —

l o u i s w i n d  e i r i v , -d u , u m c i n u ,’e ( ‘ u u u )  c u r r e ’ u u t  m m i n u m y  l u u i v c  i o n t  ributo d I i ”  t he

u m i u n um i l y u i m u l  e 1 - m n u ’n t _ . I t  s h m i n u u l  P i i i ’ m i o t -d t h m u u t t h u e  p r t ’ s i  mi t  mo~h m-l , h u a v i m u g

u ;~1] la i t y  i s  mi u h u ’p ,  ‘- ‘ I .  m i t  \‘t m r i , u h l e , i s  a b l e  i o  s u m e i : m s s f n i l y sa m u m l i t t e  c o l d

m i n c - i m a l  I i ’s m i t  l m i ; i m i t t  i t u t n h i ’S d i m , - in g  is’ I I ’ m t -  I’ w’hmi  r i -as  t h e  mode l  of H a n e y  et

- ‘ t u l  (1 ,978)  , bm , m’ I ma ; ; no sm u 1 I ma i t  y , e ’ u m l n o t

Th e P l s u ’i ’ i ’ l ’ m u i u n y  i n  t i m e  m - - m y t , wa rd  ul i s 1 u 1~~i ti ‘ ‘n i - n u t  of t i me m5 - m r u u l m u m i u ’ n u a l y

s u i t  i~~r u u t m m y  be i t t  r i b u m t e d  to  d i f f i - n u - m a t  ‘ m e  h u , m m ’ m h ; t n ” s .  ih u n c y  et  ui l ( 19 7 8)

i m mi s s h u o s i a  i m s i u t u ;  i S  P h i - i l  b u d  m s e t u m ’ m g u l a r  i i i ’ , i i i  n - l u - i  t ha t mm s l y i l l o w

m u i i u u : i n l y w i l l  t en d  t o  lie a i ’a r i  u- n - I  m l  i m u u a m r ’ ,’ m m n d  mu l u  u - p  n m n m - n ’ ,,- ii u-’ w i l l  t i -n d

t o  p r o p m m g a t e  u- , - , -ss- - - - u r i ’l m m m ; m ? e r  c i  i f n ’ m t s u h u u n l i i i  i t t ’ n - p h u - r ’ I e ’ I o m ’i i m u g .  B m - i m~ -d

ma t h e  h u y m h r m - t  m t t i c  pi - i - s t r m ’ p h u i u -  r i  1 st  i o n , t i m e  i , m n I ; t ~_ s e n l l e t I m -  m ’ ‘i- u i  , m n u u m n t i i v

i s  m ; e n u - r a  I i  y j u r e ~~u i p , m  t I lit ; n u t  i m u  u ’ q m m  k- ti 1 emi t m m l i i i! of  C i n  P - i n  n ’~ ac e  of

tu ’ m u ’ i ’ v m h~ - mi s f u m e ’ mag ( t ’ ~~ me - v  u t  1 .  1 P 8)

C = U + C ’
H 

+ t 1 ’~ , (5 )

where  U is the  uuu ~ - m ma zc ’mna 4. c m m m ’ n u ’ n t  spe ed , C ’
H 

is t h e  e q ui v a l en t  of t h e

e f f e c t  of t h e  laor  I x u u n t a l  a d ve c t  i o n  of me-u n t e -n ’up e ’r u u t u r e  c aused  by t he

m m n o m a l u u u s  g u ’ i - i s t r o p l u i c  c u r r e n t , an d C ’~~ is the  e q u i v a l e n t  of the e f f e c t
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m u 1  P -a c v c ’ r t  I ’ m ] ,  m i m i - e l  b o m a  of  mum - - t i n  t i n n ~~u u - n m i t  m i r e ’ t u t u - u t !  by t i l e ’  i m t u m ’ i m t i u m m t i t l

e i ’ u u m ’ t - r m e u u e s - of  ( b i t  u i a u ; u u , m i o m m s  p u - m i s t  r op l u l m - e’ m i r r e i a t  . B o t h  C ’ H , uum d C ’ v m i r e

d i  n m ’e ’t l y p r o p o r t  l o u t ] ,  to  t i m e  m h i i l u t h l  of t i m e  t in -r mi ’al  mmma omm a a ly ami d bo t h a  a re

m i s - p i t  ~vu ’ ima P - m e n  u u a i d — l a t i t u s l e  of t l a e  P i n t - t b  P , u m ’ if  I c  Ocean .  It  i s  t h e  net

t ’ f t ’ u ’ u ’ t  s u f  P - ( h m m ’~ ’ t ’ n i P - c u r’ m u m h s - s - t ’ i v e  u u - n m ~ i - m a t s  mht ue t o  t h m e  z o m i , i l  inc — an

n t - I  j m~ ‘ m n i , m t u ’ ;m S  t m I t - u ’ nu t s , s ’ h u h i ’h i  m I t t i - n i - P - m u m - s  l im e  mt~~t u i t u 1 - u - ’;, ‘ ‘ n u - m u t  of t i m e  u, - m t m ~m

~~t u -  - , n m , u  I V . [ l i i ’ 5 1 - n i l  m l  i n t l  mm me _ ’ - , ,, - ‘ u i h  u f  t i u i ’ s m  rm u u m u u h m n n t u l v  u u ’ u m t  :u i i i  mm i g a m c  t - I  I u -Si

- 

- 
u l s ’ pt i m u - i l  ) P S  m i m a  e m c m r  ~, k i ’m ’ u u t n - I  i l l  m h i - n ’ : u - u a s t r , m t t -s m u ua u m m n n t i s ’m i r d  p m ’m i ~ - . i g m u —

l u - u i  m u { a b m - u m t  1 -~ cm S 
‘. l i u t  m V u - n t m p c  u u r  f ac e  l t m y c r  y 1 u , ’ed euf t i m e  m u u i u u l c ’l

w i u a d — d t- i f t  P u - u  tl a P ut i t  I c  u - m i t - r u - m a t  i m a  l i i i” uu ’ u - s t ’ : u m u d  t I m e  m - u’- m u t r m t l  N u ’ r t h

P u - i f  I C  i s  j u u s m  u; 1 i p i u t  i v  m h , u v u - t h m h n m m  pc i  u l~ a h - , y u t  2 — 3  c nn  ~ h i g h m u u r .

‘f i t  I~~ n n 1 t u ’is ’t ; I _ l i m i t t ime’ i f t et s - i t  t i m i n  - i  m u m - ; ,  m l  sum ; - ‘ i b m - u - t i  V s’ i’ ;‘u ’~
’ , i y,i I I u f l s  of

P -ac -i u m n  i i u u - n m m y t l  I i , ’l d , u a . un ,t - l ’ un , P ’
11 m m ud (l i v i t - c ’ s- i l l  w b m c u a  thm ct

‘na I v I ,s , -~I - u V i ’ -
-i P am i i i  -

, e u t  h . S - i in  - ‘ t - a; m : , ( m u m ’ in m u f  t 1 se u - ;  u - i s  i m u - ,;

“ ,e ’ u - i t , t t m h n n n i s  i , ; i , - ; r l y  u i - h i s  ‘ ‘ c i  m m i n , e~ - t b ’ - u - s 1 w , m r u l  n ’ uu ’t i~~rm S 5 5  -

e i e\, s ’r I i i  t b m c ’ 1 n - m I  t i )  -
, uys “1 - l u - u t  i o t a  ( -  u m l y  )~~ - u f l i u u u : ; i t u i , b , u

m m ;;  ( i t t  e i t ,  r of  t h u s ’ w i n  m m i -  m~~ -~ m i t r a l - u i  f t u n t i i e r  n - u ’ u i h  to

• . u l u c u m t  32 ° 5 , w -im c - n , - t h a e  t - ; ’ - t w - - r d  P t - t m m S c h i c  - m u m  ma t  i s  v u  5 i - m ’ t i t a n

t h a t  m m l c ,hm a g ‘u P °  N .  ‘ h i m ’  i - l s t u e i n ~ I u : m o v s r ’  ‘in i n  t i m e  - l - ’ u ’
1 ’ i t -  l i v e r s  i s  al so

s l u ’su - r  i _ h un  t h u - i t  h um i _ h u e  s m m r f m i - , - i uu - - i - r ,

It  i s  f e l l  l u s t  t I me u m i u n u m m l , m t  i o u )  m u t t  li i i  ii S u m ’ 5 - , n - s f u m l l y u s u ’sl to i u ~ - ;i ’; t i —

gate ’  t ime  u ’v o lut loma m u u a d  d i s s i p mm t iota  of , u m a  e x i s t i n g  OTA u n d e r  the  m i t - u  - t , ’ii

a t  t - u u - i ; ; j ’ u i u u - r i c  f s r i ’ i n g  i n  t l m e  P u - n t  I i  P u , ’ i f i m - Os’ean. The mm m uo umin l y si~ m u u l a t  ic-in

has  qc ua i  i l a t i v u m l y  p c i r t r m u -’ed I i i , ’ d cv e l u p - u i - u m t  of i t l ’
~ ,’S b o t l a  i - o ld  a t u u h
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- ,~m m r m , u n d  c , 1 - t  m m m ii u t u m i j o r  p u t - h  ‘ I ’ I _ h i ’ i ’ u i n m t  c e n u m r u l  a m u v i m m l ;  e h m ~i r m e t 5 - u ’ k-I  I m ’ s  ‘u f

t i m e  i t t i d — l u i t  I t i mm lc ’ m u m m m i u n u u I  u s .  That’ P i n - e n i ’ p n u m i e n y  h i s  ‘ - -n m -  i ’ u m l - m t  ion  : i mud

i -bs u ’ r m - m t  ion  a p j u m m m r s  t o  be d u O  t o  c i t  i m e r : i u i u u n n , , m i c - i m u s  w l i m u i  or t h m e u n n n u l  u u r r i i l g

( u m e i t h e ’ r  of  is’hui cli V e F i  com - u ’~ - e t i y b m i i - i u r i u e u r m m t e-u ~
5 

i u r  t o  i i i  II1 .i, ’i ’ - uu u t e

‘4 ’ u u ’ s ’ I t  i m n u t  li-i t of t l m ~ ’ n-c u l; ‘ - u m i - f - m i ’e s t  n i l _ t a m ’ , - of ti m , ’ m i i i - - ’ m l  i ,- s . It v m s

‘. u a t l u n u t  sum I I e I ,  - m u  t 1 y ii m u  -p  a l i t ,  i 1 i i ’i- m i ’ . u ma p e r u ;  i ;-u t f o r  m - ‘ u  p , ‘ 
- m I c i u !  u m f

t u e  ~ ‘ h P - i t , u i 1  unn u t ~ ’ b m  u l l t S l 1 u , u t l m n i  ( m i t  l e ui st 121 ) -b u y s )  , , n t ~i s t i l l  i u - u i m a t , , i f l

i’ K u r m m  t i n u m n  h u h  I ’ o f  P - m u ’ l t -  t i n i p, i m u a l  ‘ - - I  m ’ - ’ n p t h u s  i n  , u  r~~ - u t ; 1 u h u l e  ; - m t i _ i - c i a

u m i d t -r  no  i nn, ,  m l ,  , i t u ’ u - u m m 5 ’ h i m m ’ i c  f un ’ , ’ i n n ; .  i m ’ u i l m m t  i t i m i s  , , u u u l  d c - v u  l u ~~~s u - m a ts u i ’ (j ’I’ ,-\ ’s

ti m - p u - m i d !a p a r t  u~~m i m i  t h a n ’  l i n m ; s ’- - n n t ’ u l e  k i n u  “ ; , m t i c  amid  u h v m i n u u h C  m h ’ m r a m ’ t m ’ r j s —

t k-s  i n  t i m ,  m u c  u - m i m i  ;t - i t  l i - l u  l a m e n t - I - c i t  s I - m i m i  t~ -d i n  t i m  i s s t u m P  u- . ‘in; i u i - I  i cm , t~’-d

i n  u ’S SC 1 , n t  l i m e , - I b i t - ‘‘ ‘ u - m i t  t u m i d  t I u ~ - a t n - -u - i  - - u  - m c  ire ‘ n n ; uu I u u t l  1 v u ’ 1~ ~i ti mid

u - oat I n m m m u  1 1 v i m m t i - r u m  m t  j u t ’  , m m  ‘A ’ s mu nm s u nP ~ - - e t to cu - n i t n u o us m el if li ~- mm ( lo u t s

I n  m n I _ h u t -  mm t - S - n - , 
- mc- u-c , yl u h e l m  t m v  It s  m m  j  e m s  I n ;  - P a t  t’d I t s st u t  mis u i u  mm ~ to  f e  P —

bm ’,m ’i&s I re-rn t mc ’ i n u ’ , t o .

6. (‘ii m el mu - m  I in - n u t  - u - u P  u - -n’ u r s

i u - i l  u ;t n - l i - s  t o  l~ ;\n t-;n t l p a t c ~~~~~ p u u e u - m t  tin , i - v o l u m t  h i - ui t umi d din ; —

h~~~m (  I inui ‘ I ’ i i i  ,\ ‘ s i n  t l ie  N- - n t i m  P u  s I f I c  0- - - - ii 1 , vi,’ I - u  ii c u t - n  I t ’d out w i t h

h i  P m , i ’ ,’mI ’ , b~ m i nt’  I i  r - - i l - i  . Tim i s  ~ - u  - n ‘ i p u r l  S cmi I_so u i u n : , t i ’ ’  I u ’S 1 s ~~u u l  t i  1 m m

u ’x l u - r i - - ’ n m t s  c m ’ - m i m a g  u u h ’ - e m ~~u ’ u l  m t i l l o 5 i i l u i ’ t - i C  -H id SST m m u t u u u i t l  ics; t -imae feu r t i ue

g e m u e ’ r t m t i o n  e n - i l  m m (  i on  u - i f  PTA ’ s u m i d e r  t h u e  a t  -mv m u l i n c u s  w i n d  f o r c i n g  an d  t h e

o t i 5  r f o r  I _ l i e  evo l i m i on  mind  d i u - u s i p m t i o n  of t i ua  i x  1 s t  l ag  PTA m m n l u - r  c i  lu - v - i t o —

log i e m u l  a t m n u i -s~- i h u m - m ’ ic  e- o n d i t  i o ns .  In  t h e  f i n i - , t s i u u u m u l i t  i o n  t h e r e  w, u ,s no

PTA a t  t i m e  j m a i t  i a l  t i m n u e  s -h i i l e  In  I _ h u e ’ u - m a c e mai l c a se t in u - i b - i s u - n m ’ , ’d u m F , -\ is

S l u u ’i ’j f I u ’ui l u ’ s - mm to 225  m .  I n t e g r a t  ions v u - i c  u - m a r r i e d  ui t i t f e ur  120 P - m v s in
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l o t  ha i ’ m n ; u  ‘i i  . Pu - ‘ n u m  1 I s of c , m - - i n  1. - P~’w l m , m  t m~ j ’ ,-
~~’ mm ,,m ’ t’ pm m u m - m i t  t ’d i t ’,’ t hue

m u m t u - t , s u l  otis w i n d  t h m r c u m m p hm w i  m a d —  j u l  i i ’  u ’sl , m u i V u ’e t l e nt ;  of  m i m u i ’ mui m i l t i m e n m u m n i l d l s t  r i —

b u t t o n .  Ve ’ r t  h e a l  m i d v u -e t l i i i  P i t y  i u u m ; u m m n t  m i n t  ru - i l i - s  l i i  (I rA p -n i  n a t  I o n s  aui d

t h e i r  l m t  u t -  d~ ’vel u u l ’ m ’ tm ua ts , ,‘n u l u u -e j, ul l y in  t i u c  I u ’ u u l u i u ’ m m m a d  s m u b t  r c - i p a c  m - i -p ions

e l e u r i u a g  t I m e  is’ h u t  i - c ’ w i m i - m i  t h e ’  I h~ - m ’ - u  1 i n c  i s  r e - i  u t  I m i - i  y u u h u t i  1 “is’ t u m i d  ( l i e

1’) ’’ u m a  p u u ’ - ; u i mag i s  m i  l~u t  i m ’ s’ iu - ’ ’ ’- l r t - n u  t h u - i ’ ,’. ‘l I ne m P - n n i m u l , i t u ’ t l  t i u ’t~~ 5 , ‘ \ S u i V C

n ; i m n i l u u r l  t o  t h u  i i .  V i m 1 5 S f  ~u m u u u t n u t m i y  u P u c  ‘ P - m i t e r  h 9 4 9 — ~~O , s k i m  m m m i o v e r a l l

;- m t  m e - c I a  e u r r e l m t  l u - mm e u u u ’ t f  h e  l i - m i t  ~t 0 . , ? . ‘I ’ i m , - s i u u l u -  m u f  i s is ’ 2 m m m l  l e m u t e s

t h m m t  u u u u , h , ’ i ’ I b i s ’ t i m ; - - u - i l  1 u - - u~~n - b  r u-’ cu u u m u l i t  lo m u s , t h u u  u u - m i s t  l u a g  m Y I ’ ,\ ’ s d i e t - u  m n m e

s x l u u u m t u - f l t  i m i l i ’ ,’ i m a  j u n e  [ m e- eq .  ( ) ]  P - t h u  t m ’ j u i e u h  c - ’ f u ’ l d i u u g  t i m e  ~ea I c -s

‘‘1 t iae u - i t - t h u r m u f 100 d u m u - ’ —m .

5 . I ~~~ s I - u i  i t t  t i on ‘ I c m i  sin P h u t s  j u  u ,  i 1 i t , , m t I V -l ~ , u f t r ,  u \  ‘u i  t i m ,  s~ .ol  cit  ion

of e n ’ n h s t  itt: ; m ) j u \ ’ s us’ m u i r l m  i “ ; u i m c  m~mid u b e v u n i l u T  I n  m m m’ , u t h i ’ r  n i - n u l  i s t i c  iu i d

i ’ m ’ u b i ’ n l u - ’  f t u , ; b m i t - i n  r u - h m t t , - , 1 e l o n t c i v  t o  t b u ~ - pc - ui -u -al 1’ n m t u m m c n ;  u f  t i m e  c i i ’ c m i l m u t  l i i

- m m m i  t h i t ’ - m i n t ’ l  Lu mis  c i i  n u ’ - i t  I n - u ! ; ; , - , P i u- I b u n  1)1’, ’ s . b us’ ’ - ~‘ i - r , nu S - n-up - i ’ I u - P

i t d ues S u i t  ! i ’Ou ’ iim ’ m - m u-u, , t i m ’  1~~ - i i ~~ - -  m s -el ‘ F  m m m l i ’  . m l u - -  i t t  u - i - ui , m i ” ~s i m m g

h m ~’ 1 u m - m u  a - i t s - ’ - - I I ii ’ u ’ ‘ ‘ u - m t t ~~ - 1 m m ’  - - u ‘ - i v if a ‘ m i n i : u  1 is’s . Ti me f u m e  t I u i  t

t I m e -  c , l u i m c n m ’ u i i a m u o m n u l l  i e S  i m u t u  i t s  li - -I  l i l t -  l ag  as’ I u i t e c ’  1 9 1 1 - 7 2  i s  , i U r i I ’ n u t m u b l c

‘ o n ; t  i y t o  t I m e  m t u i m u t u u u t h u u i i s  ~~ i “ -- ‘ ‘ p 1 r i m ’ f i t - c h u g  wh i c h  a - u s  m m i i  i u r u - i ; - u r l v  t , u t -en

i n t o  uu u ’ s’ u u c u n t  I i i  t l m i t ; u n- , p u m ’ i - i t . ‘Fl u e s i t ’ n u i l m u t  ion  i l - m o  u l u is ’S not  u u , u t m i u - e

- u - t e l  l u -  t i m e  u - , i - ’ t s - m m r d  u - m u  , , c  i l l o f  l i i i  o h i n - i - u ’ m ’ ’ m l  v v m r r n  m a u i t a m u m m i l v , bat  u - b u o i s ’s a

‘ t i ’  r SI ’ ’  ‘i ’d  . I’l’i i 5 (h um , ’ i’ i -  l a  u i - u - ’  un, ~I ’,’ ha- d i m e  t o  t i m e  neg l e c t  of m m m i  ‘vai l oti s

w i n d  f m u r i - i tag i ua t his- ‘ m u  ‘ m l  el em ’ t in t h u m ’ I m m m l - u~ u m ,  it in n - t p u  i i f  l i m i t  i m m m i  i - i f  t lie

•• u - mb m u i ’f ~~~~ c m’*m~~u , ’t u i s i :  of t l i e  ~Y .j P 1 ~~i m u : ’A4 mn , h r  h i gh 1’t t  i t m i d ~ t- i~ u ; I ’
~liS ,

the m m m l l a i t y  u u u u m i i m l y may a l s o  I i ,  i m n p u r t : u u i t .  -‘u ,  s i m i l e  t h a i - e ’ i’ — d i m u _ ’ u a s i o m a , -il
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- - u m u ’ f i c u ’ u n m l  - i i i ’  n t m n l m e t ’  t I , t t u i  u - mi  i u i , ’m ’ u ; . i m i t l  ‘ ‘ m l  j u u ku - ’ u t u m u ’ u i u , u J  u - s  mis  s i - l i  u s

ml m u  ‘ n u l l  o t is  mis’ I s o  i , a  I I ’ m ;  l e t ]  l o t-c  I iag m I , i t  mm , iii i t  hi w I miii mm t m i  - t;s  ~m m mcl  h m u  .u t I m u - ~ , ‘ m u
_
c’

;;i ’ c ’ _ m t l y ua ’ m ’ i l i ’ul f or  u n m m ’ u ’c’ u i - m I  h u , t  I c  _ u m a u u u u u . i l y i t  I i u i t i l i t  i u m a u ;  i i i  t i n ’  , i e i ’ u u ’ t . ~\u a

i mp o r t  m i nt  n m I m m i t  I ia t h:i t c l i i  i - i ’ t I t u m m  h u m u s  h i ’i ma i n u , i u h t ’  l uu - ’  Wi m l I e  su i mi  P i t - i t - u t  u - l f l

5 ( 1 9 78 ) .

‘ii ’ I ’ ui  ‘\s ’ I , ~h , m - m i t  m m

Thit~ m t e i t  h i -i’ is’ I u m l m i -s t m u  I h i  - u u k  ~I . 1:. - i m m u ; , W. B. Wit i t u - ans i  R .  1’l . B m i i ’ ma u u f

u n  Sct ’ i Ph ’ ~ L a s t  i t at  l u u m i u - if (‘)i ’ i u u u i u u ’m ’ , m I l um ’ ; R. R. 1 )iui- mm t cu mi of tl ui’ Si h i , n t - ’ S

h abea n . m t , u i ’v of I hue P t -  i t I ‘- Ii Di ri -c t , ‘ t - , i t u ’ i - I F I ‘ - l i i i ’ l i -s 1) ‘‘ - i - m m  r e h i  t u m i d  R .  I , .
5
”

i b m  i i , ’ u- u~~ ( h ue P - u - s m  I ’ , - n u t  - ‘ m - P m u  - i t m ’ P 1 u ~ ‘u ’h f i u  r P 1 ‘ - e ’ u n u t m  i o n s  , u md e u u t i t t u m  n t  s - m u  - P

l e t -  1 u m ’ u u v i d i n g  m - i u s i - r v , m t  i i u u m m m l  d a l i ;  R .  I .  m .u m i i ’y i i i  p u n t 1 - m u l u i r  f u r  ~
u u ’h m m t l i p

e m i t  i lit ’ l” u~ ’u u r I  - u t : e  t ’ ‘ I  t la s ’ t h u  m , m . m  1 ‘u t;  ! m u  , i  t t 1 m i x  I ui I l i i - i - - m r  It- ’ vu n n n  l i - i n  of
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I’ ii I I i t  v . P t ’ -
- R i i ;  u ; - - ‘  u ’  u ’ t - i ’ S I l uy t b u m ’ Pa I I - u i  m I Ss’ I u t m , ’e Pu - m m , u u i , i  t i c ’n.

‘I ’lm i u-i u u ’ n - u ’ .u i’ u ’hi Sa m ; m ; u m p l u m m u - t  e d  b y t h e  O f f  I i ’ , ’ u — f  N a v a l  R i - s e ’ai ’ u im f u - i r  t I m e

‘,m l t m l A X  p r i - ; - , i ’ :trn t I m r c u u : , ’, l m  ;t u ’ cmt r m i t - t  w i t h  t h e  Ss ’r ’i pps  I n s t  i t  at  i s — i a  of
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F i~,_ ur e  1. S’j u m i m i l , m t e ” d  m o d  m u h u m m u u v i ’d  u -m m m i ’l mi s ’t’ lt’ mm m j mu ’ i i t are  f o r  t h e  s ’u ’ i d s ’ m - m t am id

s ur mtie mut s m u t  his  i i i  t h i s ’  N m u i t  Ii C u e ’i f i c  Oh - eon  ( f t - i n n  l Imit in g, 1 9 1 9 ) .

_4 (~i) Si n n u m m i m i t  , ml ~~~~~~~~~~~~

‘1 (b )  S h u ’ ~u i i , i t~ ml ‘, i n n ; u m s t .

(c’ ) m l i i : ’ ’  rv - -P 1 , u ,  u - i r y .

(si) t h u - i i’ m ’ - ~l ‘- m o i s t

Fi gure  2 .  P I , n m u l , i t i - ,! u ’ m - I  u P - - u  m m ’ , ii - i  m c i i i ]  m ’ , u i ’ L it  l ouis u I I i ’ ’ u ; - u - u ’  - , - m m ’ e i t

‘ s t , i t  l i n u s  i u a  t h u  m i d - - l i t  l i m i s l u ’ P u t - t I m  P - m u  I N c

(a )  , \ t  , u i ’ u ’ i i i  i’ ’ - i t  h m u - i ’ u : l m l p - — \‘ I C i O R  ( P a l  i s , ~) /  3)

(b)  At  ~‘ e s ’t m f l  i si  u I h u . ’ u ’m. l u i p  — I ’AP ,\  ( R u t h i s , 1 9 / 3 )

( c )  ,-\ t  os ’ s ’ t a n  \s’ . ’ n m t l m m - r : n u u i p  ‘ N i h ’ ! : - : t m I ’ p ( S a l  h i m , ] ‘ u l 3 ) .

(si ) A t 4 5 ° N . I 4 ’ °  W a mid m i t  ‘I °  N , I l” i ° K (P ’~~r t k i  , 19 6 ’ ) .

l ’ i g t i r e  3. h u e  , u i a m ; e - m ’ v i - P  m m u t a t h m l  y m , , - ’ , u u a  - i i - u u ’ n n u ,  m l , o m u ;  m u - i  l ’ -u ~’ ’ -1  , n m m m ’ s

1u , u t t i ’ t - i i s  ( f r i - n i  P , u n - u i a ~u , l O u )

( a )  P- ’ m ’ - ‘ l i t -  1 4 9

(b )  lt , - u - u i u u - r 1 ~
,u - ’~9

(. ) _ l t u m i m m t r y  I ‘-,i SO

(d )  I ’ - l m n u u , u  i ’ 1 ‘4’-mO

F i g m i m e  4 .  S i n n u r u l , i t . ’eI i t t - u - - m i  u - m m - u  m ; i m i ’  f , o ’ i ’ m - u m i m ’ t - u a t S  ( a t  10 m)

(a) a f t m -r  S ‘ l a y s  of s i m i i l a t  ion

(b)  m i f  l e t -  30 mI t’ s of s i u n u m m i m m t i o n

( c )  a f t i ’r  60 d ay s  uu f s i m r m m i l a t  h e n

(d) aft er 90 days of  simulation
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i i ~~u m r e  5. P i ’ ’ m u m l m t , ’ ml e e u s i m a i e ’ t i m ,  ‘ u m m i l  m m m i ’  n u l l e ’ u - u of t i m , - ‘ m i t - f m - i -  l , m v u - r  ( 10  m u m ) .

Pot I t ’d i t - u i I mm ii  l i - m i t  s m ;  i n - p i t  m um - a i io m mmm m l y 1 ’’:;; t I mi i  0. ~ ° C.

( ma )  ~m f t  s r  30 sI m y i m  of im i m r m t u i , ’u t I t - u i

(b)  t u f t  s-t - 60 day s  of s i n n , m m l m m t ,  l u -in

-_4 (c )  a f t u - r  90 m I m i - n  of s I t - i m P - m i t  i o n

(0 )  a S t i r  L’O 1 , u v n t  of  ‘ ; I n n u u l , t  ion

F i m ; m m u ’ e’ 6 . t11- -~ m~~’ P  5 S f  m i i u , u n m - i l  i t ’s  ( f n u ’ i i t  ‘ : , m m i mc , 1951 ) .  D m u t t s -d i m ’ , -~-m

i u a d i , - , m t u - uI  m u  p u t  i c ’ u -  m u m - m m ]  I t ’s  l m  n m b : , , ~~ 0 . ~ ° C.

(,u ) P~ ‘s ’ ‘ - h u m  r 1~ i ’~9

(b)  fli~~u~~, - ‘h r I uiy)

(c) ,l , i i u i , u  t- I ‘I iO

( d) I’, h u t - m i m i  mu 1950

E ’i - ; u r e  7 .  (11-- u - m m , - - I PS I ’ , m u , n u  u i v  f o r  N - - v u  s l u r  1971  ‘~~u’m ’ m ’ 1 n 1  P u - t i t u s , 1 1 - 1 ) .

Psit t 0d  m r , -~ m i m i e l l c , m t , - i m  u m c m ’ , m t  iv ,m m mi ’:n - ,Il i s is I ,  - ‘a t h u , m n  0 . 2 n ° I ’ .

F i gur s ’ S . S i - n i l  l i - il - m u n S m m u ’ t ’  1 , m i - ’ - r  m l I , \ ’ s. ‘l u - i t t o i l  - m t - u - _ i  i n m l i , m t i ’ a  u u u ’ , t j - ;u ’

m i n i - m u 1  I i ’S  l , ’ n u i m  t l u a u  P . , ‘~~° C .

( a )  u I ’ t u - r  I I) ul ,v S  of -; i - ,- u m ’ i , u t 1,1 )

(b)  t i t t e r  i u l _ ) - h m y n ;  of  s i  n h ,  1

( c )  u f t s ’ m ’ 90 cI ,v s  of si , n , u i l mi t ion

Fi gu re 9. u ’t i u i - n u - n v u ’d SST mumt , ’u ’ m t l  It _ s (from ‘1 , - l a s , 1 9 77 ) .  1 , 1 t e d  u n  mu

lad ts ’~ i t e’s iue ’g m i t l v i ’  .mu ioun i ~t 1 I ‘s I u - -i S t I t an  0 . 2 5 0 C.

( a )  Dec ember  1971

(b) . ian u ar y 1972

(c )  F e b r u a r y  1972
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